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INTRODUCTION

The expanded rotation model provides a detailed simulation of
actual personnel movements. It incorporates the following capabil-
ities:

e describes a rating community whose inventory is
variable over time

e treats each paygrade separately

@ uses continuation rates for each length of service
category

e simultaneously considers a different rotation
pattern for each paygrade

e computes promotions into each paygrade.

It is useful for the analysis of questions of concern to enlisted
rating coordinators (ERC) and detailers. For example, what effects
would a change in E-3 rotation have on sea and shore distributions
of personnel in the higher paygrades? The effect on rotation, due
to promotions out of E-3, could be significant. A second kind of
guestion is more general: what changes in current policies need to
be made in order to attain a desired inventory size, paygrade
distribution, and duty type distribution within each paygrade? To
illustrate, a projection of the SeaBee community, using current
continuation rates and accessions, predicts a total loss of 1,134
personnel within 5 years, and 947 of these will be from sea duty.
If this were an acceptable reduction in size, but the loss of
personnel from sea was considered to be too high, the expanded
model could be used to determine alterations in rotation and acces-
sions that would help maintain a more stable sea contingent in each
paygrade. We shall present a general description of the model
which will be further expanded and developed in subsequent chap-
ters. The reader can also find a more detailed theoretical account
in appendix A.

The expanded model can be applied to any detailing community
in the Navy. Personnel movements are modeled as a network with
flows. Each node, or cell, in the network consists of all individ-
uals in the same paygrade group, duty type, length of service (LOS)
category and with the same projected rotation date (PRD) to a new
duty type. There are three duty types: sea, shore, and neutral.
Paygrade groups are defined by the user. For example, when defin-
ing billet requirements it is standard practice to aggregate pay-
grades E-1, E-2 and E-3 in a single paygrade group; other paygrades
can be similarly aggregated if desired. The user also defines the
LOS categories. They may represent years in service, or the user
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may wish to define each LOS category as a 4-year period instead.
In this case, the first LOS category would consist of all first-
termers, while careerists would fall into higher categories. The
time period used to measure LOS is the smallest period over which
the personnel inventory can be projected. In the model, tour
lengths are automatically measured in quarters of this time unit.

The paths which connect cells are either fixed or variable.
Fixed paths represent (1) personnel flows, within the same paygrade
group and duty type, from cells with given LOS and PRD to cells
corresponding to LOS+1 and PRD-4 (if PRD > 4), and (2) flows into
the next higher paygrade determined by promotions. It is assumed
that an individuals' PRD is not altered by promotion. The rate of
flow along each of these fixed paths is determined from historical-
ly observed attrition and promotion rates for each paygrade group,
duty type and LOS category; we assume that these attrition and
promotion rates are applied uniformly to each PRD cell.

The variable paths are defined by the rotation pattern. For
example, rotation from sea to shore is modeled by establishing
flows from each sea duty cell with PRD = 1 to shore cells in the
next higher LOS category. The rates of flow along these paths are
determined by the percentage of the rotating force at sea who are
sent to each possible tour length or PRD cell.

At the start of a time period T the distribution of personnel
is determined by the number of individuals in each cell. Once the
connectivities and flow rates have been established, the PROJECT
program computes the per-period flows in the network and then adds
accessions to project the personnel distribution at the beginning
of the (T+1)-th period.

Alterations in input data can be made at the beginning of
each time period. All historical input data can be obtained from
the Enlisted Master Record (EMR), and data for future time periods
can be estimated by altering this historical input to conform to
anticipated changes.

Besides the projection program, the user is provided with
programs to make alterations in stored input data, and system para-
meters which allow the user to modify normal operations of the
model. These features are provided for added flexibility in ana-
lyzing a projected inventory profile.

The model is programmed in APL to enhance its potential for
real-time interactive use at a terminal. The ideal interaction
would be a series of iterative steps in which a projection is
alternated with selective modification of input. This should
converge to a sea/shore policy that projects a satisfactory
inventory.



The purpose of this manual is to provide a potential user
with the specific information necessary to operate the ROTATIONMOD
system. Although sample applications are discussed in chapter VI,
they are not intended as a general analysis of the sea/shore rota-
tion process. For this the reader may consult reference 1. The
individual who is only interested in using the system does not need
to know very much of the technical information that is presented
here. For his purposes he can begin with chapter VI, and refer to
other chapters and the appendices when necessary. The remaining
chapters and the appendices provide information for the programmer
who wishes to understand the system in sufficient detail to enable
him to make alterations or develop supporting systems.

The model described in this paper does not include support
systems such as programs for loading input data by computer. It is
assumed that these have been developed by the user.



CHAPTER I

GENERAIL SYSTEM DESCRIPTION

The computerized version of the expanded sea/shore rotation
model (ROTATIONMOD) is written in APL/700 and is compatible with
the Burroughs 6700 system. Once ROTATIONMOD has become opera-
tional, and desired modifications have been made, the model may be
converted to FORTRAN. Because of the large quantities of input/
output data involved, and the size of the data arrays which the
model manipulates, difficulty was encountered in avoiding workspace
and file space limitations. Consequently the devices used to over-
come these limitations may require modification if the model is to
be used on other APL systems or if it is converted to FORTRAN.

The advantages of APL are its interactive capability, the
relative ease with which modifications to the system can be made,
and the fact that APL is particularly suited to the manipulation of
data arrays; hence the programs are considerably more simple than
they would be if written in FORTRAN.

ROTATIONMOD is intended to be a real-time interactive model
in which the operator can analyze consequences of decisions con-
cerning rotation, continuation, promotions, and inventory struc-—
ture. On the basis of this information, alterations in manpower
policies can be made and tested until a suitable inventory profile
is defined - or until it becomes clear that the desired objectives
are incompatible. It cannot be rigorously demonstrated
that this iterative process will always "converge" to an optimal
solution; however, it is evident that restrictive hypotheses, which
might guarantee such convergence, would severely limit the applica-
bility of the model. As an alternative to such artificial restric-
tions, we have tried to make ROTATIONMOD as flexible a tool as
possible.

Since it is impossible to foresee all potential applications
of the model, users may find some features inappropriate or
unnecessary, while other desirable capabilities are lacking. We
have tried to make ROTATIONMOD easy to modify. Functions which
would most likely be subject to modifications have a modular struc-
ture so that capabilities can be added or deleted without major
structural changes in the model itself.

In the next few paragraphs we shall present an overview of
the ROTATIONMOD system. Subsequent chapters will be devoted to
more detailed descriptions.

The model may be applied to analyze any detailing community

within the Navy, such as a rating or aggregate of ratings, which
has the following structural characteristics:
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e the personnel 1nventory can be divided into a number
L of length of service (LOS) categories such that each

individual in the L-th LOS at time period T will appear
in the (L+1l)-th LOS at period T+l if he remains in the

Navy.

e the personnel inventory can be divided into K pay-
grade groupings such that an individual in paygrade
group K (K < K) has a probability of being promoted to
paygrade group K+l

e the personnel inventory can be further subdivided
into three duty types:

(1) sea

(2) shore

(3) neutral
(the numbers serve to identify duty types in
ROTATIONMOD functions)

@ at each time period, each individual has a projected
rotation date (PRD) for rotation to a new duty type.

Thus each paygrade group inventory can be divided into
"cells" consisting of all individuals with the same LOS, duty type
and PRD. In addition to the parameters L and K, we shall use T to
denote the maximal number of projection periods, and M to denote
the largest tour length to which any individual will be assigned.
The parameters K, L, M, and T are defined by the user, subject to
realistic llmltatlons. Generally K = 7 since the paygrades E-1, 2,
3 are usually aggregated. The projection periods are usually
measured in years (because reliable continuation data is available
for periods of 1 year). Because of file size limits, T = 5 is
about as large as T can be. The LOS categories are 1l- -year periods
so that L = 31, Finally, the PRD, or time remaining in duty type,
is measured in quarters. Since it is DoD policy that no one should
normally be assigned a tour length of more than 5 years, we usually
take M = 20.

For a normal rating community, each paygrade inventory can be
modeled as a 3-dimensional array. The entry in the (a, b, c)-th
cell is just the number of individuals in duty type a and LOS
category b, with a PRD of ¢ quarters.

The model requires five APL files called MOD, FILEl, FILE2,
FILE3, and FILE4, and a workspace called ROTATIONMOD. In the
Burroughs 6700 system, each file has a 180,000 Byte capac1ty, and
the workspace has a 85,000 Byte capacity. The file MOD is used to
store most of the functions. These are brought into the workspace
by a "calling function" having the general form shown in figure 1.
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FIG. 1: EXAMPLE OF A CALLING FUNCTION

The program FUNCTIONN is stored as a vector in component I of MOD.
Statement [1l] converts the vector representation into an APL
function, which is executed in statement [2]. Statement [3] then
expunges FUNCTIONN from the workspace. In several cases the
calling function is indexed, and calls one of several functions
(each named FUNCTIONN) according to the value of the index. This
device is necessary because of limitations on workspace size. If
more functions are added to the model, they can also be stored in
MOD. Table 1 consists of a list of those functions which are
currently stored in MOD.

TABLE 1

STRUCTURE OF MOD FILE

MOD components Stored function Calling function
1-6 PRINN PRIN
7 GROUPP GROUP
8 FILLL FILL
9-23 PRINTT PRINT
24 ADJPROBB ADJPROB
25-31 HEADERR HEADER
32-35 CHECKK CHECK
36 FILEALTT FILEALT
37 STATUSS STATUS
38 ALTERR ALTER
39 PROJECTT PROJECT
40-49 CHANGEE CHANGE
50 COMPTRR COMPTR
54l COMPTAA COMPTA
52 TRANSFERR TRANSFER

FILEl through FILE4 are data files which contain both input
and output. The main functions ADJPROB and PROJECT read their
output directly into these data files. The files are then accessed
by using the PRINT and READFILE functions. Although we shall
discuss the structure of these files in more detail in the next
chapter, one structural aspect is noted here. Each of the data
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files is divided
Depending on the
1), functions of
compartment. In
can be stored in

into two compartments of identical structure.
value of the workspace parameter OPl (OPl = 0 or
ROTATIONMOD access the 0- compartment or the 1-
this way a copy of the initial input/output data
the 1- compartment, say, while the model is being

used to modify data in the 0- compartment. Thus the initial and
final inventory profiles can be compared.

The ROTATIONMOD system contains functions for data
manipulation, and also user-specified parameters, such as OP1l,
which control the operation of these functions.

In the following detailed description of the model, we will
elaborate further the outline sketched above.



CHAPTER II

FILE STRUCTURE

The structure of MOD has already been given sufficient atten-
tion. In this section we shall consider the data files. The
number of components in each of these files is determined by the
workspace parameters K and T. The file capacity of 180,000 bytes
limits T to about 5 or 6 periods. As we have noted, each data file
is divided into two compartments of identical structure. 1In table
2 we have indicated the structure of the 0- compartment of each
data file. Throughout the discussion, we will emphasize the 0-
compartment; the l- compartment comprises the second half of the
file. FILEl contains basic input data, which will be described in
chapter III.

FILE2 contains accessions to the inventory for each paygrade
and time period from period 0 to period T-1. The accession infor-
mation corresponding to a paygrade and time period is stored in two
consecutive file components; thus accessions for paygrade group a
in period b are located in FILE2 components (2a -1) + 2bK and
2a + 2bK.

FILE3 contains adjusted probabilities of promotion, which are
computed by the function ADJPROB. These are inputs to PROJECT.
Adjusted probabilities for each paygrade at period b are stored in
component b + 1; components 1 through T contain this information.
Components T + 1 and T + 2 contain, respectively, the current
values of the "check" parameters COA and COP (these are described
in chapter IV on workspace parameters). The 1- compartment of
FILE2 is identical in structure, consisting of the components T + 3
through 2T+2 for adjusted probabilities, and 2T+3, 2T+4 for the
"check" parameters ClA, C1P,

FILE4 contains two types of input/output data related to
PROJECT. In the 0- compartment, the first component contains, for
each projected paygrade inventory, the following totals:

Initial inventory

Inventory after attrition
Promotions into paygrade

Accessions into paygrade

Paygrade limits for next period
Projected inventory for next period.

Components 2 through 2K+1 contain the initial inventory. This data
for paygrade a at time period b is located in components 2a+2bK and
1+2a+2bK.
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This completes the description of the file system. We now
proceed to describe in detail the data types which have been
introduced here.
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CHAPTER III

DATA TYPES

ROTATIONMOD requires a large data base which is stored in the
data files as described in the previous chapter. Each of the
distinct data types is listed in table 2. Data types are
identified by the corresponding number in the READFILE and
WRITEFILE functions. Each type is classified by several (or all)
of the following characteristics:

e duty type

@ length of service
® paygrade

e time period.

Data of a given type is generally stored in the form of a matrix or
3-dimensional array. The smallest unit of each data type that is
processed by ROTATIONMOD is characterized by paygrade and time
period. The structure of these data units, indicated within paren-
theses in table 2, depend on the data type. The structure and data
unit for each data type will now be described. To be explicit, we
again consider data stored in the O-compartment.

BILLETS

Billet requirements are determined by the user for each duty
type, paygrade and time period. These billets must be manned at a
certain percentage, e.g., 100 percent sea and 70 percent shore.
This data is not required for projecting an inventory, but is used
as a basis for comparing ROTATIONMOD output with desired Navy
goals. In the model, BILLETS are stored in the first component of
FILEl as a K x (T+1) x 3 array. The (a, b, c)-th entry is the
billet requirement for duty type ¢ in paygrade a at time period
b-1. The unit data-type is called BILTS, and as illustrated in
figure 2 it is a 3-component vector of billet requirements for sea,
shore and neutral duty, respectively.

RILTS

2445 645 10

1

FIG. 2: BILLET DATA UNIT (BILTS) CORRESPONDING TO A
PAYGRADE AND TIME PERIOD
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PAYGRADE LIMITS

The second component of FILEl contains PAYGRADE LIMITS.
These are the maximum allowed size for each paygrade at each time
period. PAYGRADE LIMITS are stored as a (T + 1) x K matrix, in
which the maximum endstrength for paygrade a at time period b is
the (b + 1, a)-th entry; this entry is also the data unit
PGLIM.

PROMOTION, ELIGIBLE AND ADJUSTED PROBABILITIES

The computation of promotions is based on input data stored
in components 3 and 4 of FILEl. PROMOTION PROBABILITIES, in
component 3, represent the historical percentage of personnel who
have been promoted. This should be the average of several year's
data in order to more accurately reflect persistent characteristics
of promotion behavior (e.g. one expects that for each paygrade
certain LOS categories would consistently have a greater percentage
of their personnel promoted than others; that is, the promotion
probability distribution over LOS categories should reflect charac-
teristics of the paygrade) These percentages or "probabilities"
of promotion are stored in the form of a 3 x L x K array in which
the (¢, b, a)-th entry represents the percent of the personnel in
paygrade a, at duty-type c, and in LOS b who have historically been
promoted (or an average of such percentages). As shown in figure
3, the data unit PROBPROM is a 3 x L matrix whose (¢, b)-th entry
is the probability of promotion for personnel in LOS b and duty
type c.

Promotions are limited to personnel who have satisfied
eligibility requirements determined by length in service and test
scores. In ROTATIONMOD, this is represented by ELIGIBLE PROBABILI-
TIES, which are stored in component 4, and represent the percentage
of personnel in a (duty type, LOS, paygrade) cell which have ful-
filled eligibility requirements. This data has the same 3 x L x K
array structure as promotion probabilities. The data unit ELIG is
a 3 x L matrix whose interpretation is analogous to PROBPROM.

In response to variations in endstrength requirements,
PROJECT computes "adjusted probabilities of promotion" which are
obtained by scaling the historical probabilities, but are never
greater than the eligible probabilities. These ADJUSTED PROBABILI-
TIES for each time period are stored in components 1 through T of
FILE3 in the shape of a 3 x L. x K array whose interpretation is the
same as that of promotion and eligible probabilities. The data
unit ADJPROBPROM is also similar to ELIG and PROBPROM.
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CONTINUATION

The continuation data for time period T consists of the
percentage of survivors from period T to period T + 1 for each
paygrade and each LOS category. Since nearly all personnel retire
at the end of 31 years of service, the model is based on the
assumption that continuation rates for LOS 31 are zero for all
paygrades and all time periods. The user must take care when
loading the data base to insure that this condition is satisfied.

Generally, continuation rates will be LOS "bag" rates such as
those obtained by PROPHET (reference 2), or directly from the EMR.
Provision is made for using different rates for each of the three
duty types should this information be available. Continuation data
for sea, shore and neutral is loaded in FILEl components 5, 6, and
7 respectively. Each of these components contains a T x L x K
array in which the (c, b, a)-th entry is the percent of survivors
through time period ¢ in LOS b and paygrade a.

The data unit CONTINUATION corresponding to a paygrade and
time period is a 3 x L matrix of LOS continuation rates for each
duty type - again similar to PROBPROM.

ROTATION

The input data which specifies a rotation pattern falls into
three categories: early rotation, normal rotation and late
rotation. Personnel who rotate normally go to a particular duty-
type for a specified number of quarters - their projected rotation
date (PRD). At the end of this time, they rotate to a different
duty type. Most individuals should be following this normal
pattern; however, exceptions occur when tour lengths are extended
or shortened due to factors such as operational holds, humanitarian
considerations, leave taken between tours or participation in
schools. There are six types of rotation in the normal pattern:

sea to shore

sea to neutral
shore to sea
shore to neutral
neutral to sea
neutral to shore.

P e W WP Y
AUt WN -
e e N S et S

The EARLY ROTATION data is stored in component 8 of FILEl as
aTx 6 x K array, in which the (¢, b, a)-th entry is the percent-
age of personnel in paygrade a at time period ¢ with rotation type
b. The data unit EROT for a particular paygrade and time period is
a 6-component vector whose b-th component is the percent of rotat-
ing personnel whose rotation type is b.

14



EROT
0. 12518462071 0 OQ.OQ737327188% ¢, 004408224931 0 6.9

FIG. 4: EARLY ROTATION DATA UNIT (EROT) DETERMINED
BY PAYGRADE AND TIME PERIOD

We have assumed that individuals who rotate early will be
assigned to a normal tour in their new duty type. Normal
assignments are determined at each time period by the NORMAL
ROTATION data, which is in the form of a 6 x M x K array. The (b,
c, a)-th entry is the percentage of paygrade a with rotation type b
who rotate to a tour length ¢ quarters.

These arrays are large (approximately 14,000 bytes) and if
loaded directly into file components, would take up excessive
space. Therefore it was necessary to separate each array into a
(0,1)-array R, whose non-zero entries correspond to the non-zero
entries of the original array, and a vector V whose components are
the non-zero entries of the array. In APL this is done by the
commands

R<«—0 # ARRAY
V<—'( ,R)/,ARRAY.

Since most entries in a rotation array are zero, this results in a
substantial reduction in space requirements. The original array is
given by the expression

(3, Ly, M) ¢ (,R\V.

The arrays R and V are stored in two consecutive components of
FILEl (see table 2). For time period T, R is located in component
T+ 9, and V is stored in component T + 10.

The data unit NROT is a 6 x M matrix (an example is shown in
figure 5). The (a, b)-th entry is the percentage of rotation type
a personnel who are sent to a tour length of b quarters.

LATE ROTATION data is treated similarly. For each period it
is represented as a 3 x M x K array in which the (¢, b, a)-th entry
is the percentage of personnel in paygrade a and duty type c, with
a PRD of 1 through 4, whose PRD is extended to b rema1n1ng qguar-
ters. The data unit LROT (figure 6) is a 3 x M matrix in which the
(c, b)-th entry is the percentage of personnel in duty type ¢ who
are assigned a new PRD of b quarters. Again, due to space consid-
erations, this data has been separated into a(0,l)-array and a
vector which are stored in consecutive components of FILEl as
indicated in table 2.
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ACCESSIONS AND INVENTORY

In the model, accessions are interpreted to include lateral
transfers in and out of a rating as well as new personnel entering
at the lower paygrade levels. Thus lateral transfers out of a
rating are represented by a negative number., Also, a significant
number of people attend schools between duty tours, and for this
period they are not counted as part of the distributable inventory.
This can be modeled by considering school candidates as negative
accessions to the inventory when they enter school and positive
accessions when they are re-established in the normal paygrade
inventory.

Paygrade accessions and inventory are both represented as
3 x L x M arrays in which the (a, b, c¢)-th entry is the number of
accessions to/from (or personnel in) the cell defined by duty
type a, LOS b and tour length c. There is one such array for each
paygrade and time period. In the case of inventory, the initial
period 0 inventory is input, and all subsequent periods represent
output from the PROJECT program. These are the largest data ele-
ments in ROTATIONMOD and must be stored as pairs consisting of a
(0, 1)-array and a vector as previously described. For both acces-
sions and inventory, the data unit is the entire 3-dimensional
array.

SUMMARY

The summary data, stored in component 1 of FILE4 is also
output from PROJECT; and for each paygrade and time period T it
consists of totals of the following data types:

Initial inventory at period T
Inventory after attrition
Promotions into paygrade
Accessions into paygrade

Paygrade limits for period T+l
Projected inventory for period T+1

It is stored as a T x 7 x K array. The data unit SUMMARY is a
7-component vector as shown below.

SUMMARY
1 3B75,18%336 3043.729128 0 2615 3825 3948,321063

The first component indicates the paygrade and the remaining six
are totals for each of the above data types.

In table 2 we summarized all data types. The table also
includes three which have not been described. These are not stored
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in the files, but can be computed from stored data. For example,
the SURVIVING INVENTORY is simply the paygrade inventory after
attrition. PROMOTIONS is the array of actual promotions in each
inventory cell computed by applying the adjusted promotion proba-
bilities to the surviving paygrade inventory. The PREPARED
INVENTORY is the inventory array which results after attrition and
promotions have been completed. That is, the inventory of a pay-
grade just before it is rotated. Each of these inventory-type data
arrays represents a particular stage in projection to the next
period. This data can be printed by the PRINT function described
in chapter V; thus the user can examine in detail the steps in the
transformation of an inventory into the next periods' inventory.

We now turn to a description of the workspace parameters

which provide added flexibility by allowing the user to modify
certain aspects of the projection process.
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CHAPTER IV

WORKSPACE PARAMETERS

In addition to the file system, which has been described, and
the programs which will be discussed in the next chapter,
ROTATIONMOD utilizes parameters which define file size and control
the operation of certain functions. The parameters K, L, M, T and
OP1 have already been defined; a summary description of all
parameters can be found in appendix C.

The rotation pattern, as we have seen, consists of early,
normal and late rotation components. In order to increase flexi-
bility, we have introduced parameters OP2 and OP3 to control the
effects of early and late rotation. If OP2 = 1 then the late rota-
tion data will enter into the rotation computation. However if the
user sets OP2-—0, PROJECT will ignore late rotation data. Simi-
larly, if OP3 = 1 early rotation information will be utilized while
if OP3 = 0 it will be ignored. Thus, for example, the operator can
study consequences of a purely normal rotation pattern, without
destroying other rotation data, by setting OP2<+—0P3-<—0.

Normally, because of file size limitations, it is necessary
to restrict T < 5. That is, an initial inventory can be projected
at most 5 periods. However, the effects of certain aspects of a
sea/shore policy may not appear for several years (e.g. a change in
rotation patterns may have no effect on duty type distributions for
three or four years). The operator can analyze an inventory pro-
file over a longer time span than would otherwise be possible by
using OP4. This parameter is a 2- component vector. If
OP4[1l] = 0, it has no effect. However, if OP4[1] = 1 and
OP4[2] = T, ADJPROB and PROJECT will re-define the projection
period to be T, and will use time period T - 1 data to operate on
inventory stored in time period T. The projected inventory is
stored in the time period T space, destroying its previous con-
tents. In this way the time period T inventory can be projected to
any future period using, at each projection, the period T-1 input
data. The use of OP4 will be more completely described in chapter
Iv.

The user may be interested in aggregating certain paygrades.
For example, because of the one-up/one-down principle for filling
paygrade billets, paygrades E-4 and E-5 could be combined in an
analysis of personnel available to fill E-4 billets. For all
additive data types, this can be accomplished by an appropriate
setting of the vector OP5 (the additive data types are defined by
an "a" in table 2). Roughly, a data type is additive if the data
for an aggregate of paygrades is the sum of the data for the
individual paygrades. Promotions are the only exeption to this
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rule; it is clear that promotions out of an aggregate are the same
as promotions out of the highest paygrade in the aggregate.

The parameter OP5 must satisfy the following conditions:

e All components lie in the interval between 1 and K
inclusive.

e OP5 has an even number of components n

e The number n of components must lie between 2 and 2K
inclusive.

Under these conditions, OP5 defines n/2 paygrade groups in which
the m-th paygrade group is the aggregate of all paygrades k in the
interval OP5[2m-1] < k < OP5[2m]. For example, if op5 =1, 4, 6, K
then two paygrade groups are defined. The first is the aggregate
of paygrades 1, 2, 3, and 4 and the second is the aggregate of pay-
grades 6 through K. The function GROUP aggregates additive data
for the paygrade groups defined by OP5.

The ordinary paygrade structure is obtained by the APL
command OP5-—1, 1, 2, 2, ..., K, K. In most cases OP5 should
initially be set to this value and altered only for special
considerations.

The parameter OP6 serves the analogous purpose of aggregating
LOS categories for additive data types. This vector must satisfy
the conditions for OP5 with K replaced by L. Normally the value of
OP6 would be specified by the APL command OP6=-+—1, 1, 2, 2, ..., L,
L.

Finally, there are four "check" parameters: COA, COP, ClA
and ClP. These are binary vectors stored, respectively, in compo-
nents T+ 1, T + 2, 3 + 2T and 4 + 2T of FILE3. The number of com-
ponents in COA is the number of time periods, starting with period

0, for which adjusted probabilities have been computed in the 0-
compartment; and the number of components in COP is the number of
perlods to which the inventory has been projected (initial inven-
tory is by definition the projected inventory at time T = 0) in the
O-compartment. The vectors ClA and ClP have an analogous interpre-
tation for the 1- compartment.

Immediately after the inventory has been projected T periods,
COP (or ClP if OP1l = 1) is a vector consisting of T + 1 zero
components. If 1nput data affecting PROJECT is changed at the T -
1 time period by using CHANGE to make selective alterations, a 1 is
automaticallly placed in component T of COP (or ClP). Figure 7
shows a sample setting. Similarly alterations in data on which
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FIG. 7: A SETTING OF THE CHECK VECTORS

the ADJPROB program depends are reflected in COA or ClA by a 1 in
the appropriate component. These check parameters provide the
operator with a convenient check on the consistency of the data in
the file system. ADJPROB and PROJECT will give error messages if
the operator tries to use these programs after altering data for a
prior period. The current value of all workspace parameters can be
obtained by using the STATUS function.

This completes our discussion of workspace parameters. The

relations between them and the ROTATIONMOD functions are summarized
in table 3.
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TABLE 3

INTERRELATION OF FUNCTIONS AND WORKSPACE PARAMETERS

OP1 OP2 OP3 O0OP4 OP5 OP6 COA COP Cla Clp
ADJPROB + 0 0 + 0 0 1 1 1 1
ALTER + 0 0 0 0 0 0 0 0 0
ATTRITION + 0 0 + 0 0 0 0 0 0
CHANGE + 0 0 0 0 0 0 0 0 0
CHECK + 0 0 0 0 0 - - - -
COMPTA + 0 0 0 0 0 0 0 0 0
COMPTR + + + 0 + 0 0 0 0 0
FILEALT + 0 0 0 0 0 -~ - - -
FILL + 0 0 0 0 0 0 0 0 0
FFF + 0 0 0 0 0 0 0 0 0
GROUP + 0 0 0 + + 0 0 0 0
HEADER 0 0 0 0 0 0 0 0 0 0
PREPINV + + + 0 0 0 0 0 0 0
PRIN 0 0 0 0 0 0 0 0 0 0
PRINT + 0 0 0 + + 0 0 0 0
PROJECT + + + + 0 0 - - - -
STATUS + + + + + + + + + +
TRANSFER 0 0 0 0 0 0 0 0 0 0
READFILE + 0 0 0 0 0 0 0 0 0
WRITEFILE + 0 0 0 0 0 0 0 0 0

+ means that the parameter value affects the operation of the
function, while - indicates that the function affects the parameter
value,
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CHAPTER V

ROTATIONMOD FUNCTIONS

The functions which comprise ROTATIONMOD are described in
this chapter. The theoretical basis for the computations are
discussed in appendix A.

The functions fall into two categories: those which the user
must operate, and functions which appear as subroutines in these
user-oriented functions. The user-oriented functions are listed
below:

ADJPROB
CHANGE
COMPTA
COMPTR
FILL
PRINT
PROJECT
STATUS
TRANSFER
READFILE
WRITEFILE

In this chapter we shall give a general description of each
function. Appendix B contains flow diagrams and a complete listing
of all functions.

User-Oriented Functions

These are the programs that the operator must use when
applying ROTATIONMOD. We have tried to minimize the knowledge of
APL necessary for their operation by providing error message
responses and conversational program entries where appropriate.

ADJPROB

Historical probabilities of promotion (see chapter III) are
inputs to the expanded rotation model. However, promotion behavior
is modified by time-dependent factors such as changes in end-
strength requirements, accessions or continuation; therefore the
actual promotions in any period will depend on changes in these
factors. This requires an adjustment of the historical probabili-
ties. The modeling of this response is carried out by the program
ADJPROB and the subroutine FFF.
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In order to compute adjusted promotion probabilities for time
period T, the user types ADJPROB T. The results of the subsequent
computation are stored in FILE3 (see chapter II). The conditions
required for using this program are listed below:

e 0TI
e Inventory has been projected to period T.

e Subsequent to this projection, no input data for
previous periods has been altered.

A violation of any of these conditions results in an error message
and termination of the program. The compartment from which input
data is read is determined by the value of OPl.

Normally, when OP4[1l] = 0, ADJPROB will read data from the
period T spaces and store computed adjusted probabilities in the
period T space. However, if OP4[1l] = 1, then no matter what value
of T is entered, ADJPROB will redefine it to be 0OP4[2]-1. When
OP4[1l] = 1, ADJPROB and PROJECT can be used to project an inventory
to any future period, using at each such projection the input data
corresponding to time period OP4[2]-1, This will be described in
more detail in the discussion of PROJECT and in chapter VI.

CHANGE

This function enables the user to make selective alterations
in the data base. To use CHANGE, the operator types CHANGE 'DATA
TYPE.' Then in response to the displayed prompt the user specifies
the data compartment which is to be changed. The program then
responds with further prompts asking for paygrades and time periods
at which the change is to be made. The desired change is then
entered in the form specified by the prompt.

CHANGE has the modular structure shown in figure 1l; each of
the component functions is called CHANGEE. At the present time,
CHANGEE programs have been written for the data types "PAYGRADE
LIMITS", "CONTINUATION", "EARLY ROTATION", "NORMAL ROTATION", "LATE
ROTATION", and "ACCESSIONS." Once it has been established what
type of alterations are most useful for a particular data type, the
corresponding CHANGEE program can be written or modified and stored
in the MOD file.

COMPTA
This function is used to give an approximation to the number

of accessions needed each period to bring the inventory to a
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specified level at the end of a specified time period. If it is
desired to have a total inventory I at the end of period T, the
inventory must first be projected T periods using current input
data. Then the user types COMPTA, and enters the values of I and T
when prompted. The function then computes an estimate of the
accessions required per period to attain the desired force level at
period T. The inventory should be projected again to T periods
using the new accession levels estimated by COMPTA; if this
projection is still not sufficiently close to the desired level,
COMPTA can be repeated; COMPTA is intended to be used iteratively
in conjunction with the PROJECT function.

COMFTA
ENTER NEW INVENTORY SIZE
{13

ENTER TIME FPERIOD AT WHICH NEW INVENTORY I8 TO BE ATTAINED
I3

FIG. 8: INPUT FORMAT FOR COMPTA

COMPTR

This function is intended to help the user decide what type
of normal rotation patterns will provide a desired personnel
distribution between duty types. The steps needed to activate
COMPTR are shown in figure 9. The user types COMPTR and is
prompted to enter a paygrade, duty type, time period T;, and a
time period T, subsequent to Tj. The output is a table as
shown in figure 10. The values of parameters affecting this
computation are indicated. In this example the user was interested
in analyzing the effects of rotation changes on the total number of
personnel in paygrade 2 at shore in period 2. 1In general, the
output gives the number of personnel rotating to the duty type in
period T; who will rotate from that duty type in period Ty - 1,
if all were originally sent to the indicated tour length.

In order to clarify the use of this function, we shall
describe the basis of the computation. For a given paygrade and
time period Ty, the number of personnel in a duty type is
affected by how many rotate from that duty type in period T, - 1.
This number in turn, is affected by the rotation policy at periods
prior to To - 1. For example, personnel rotating into the duty
type in period Tj; will be up for rotation in period T - 1 only
if they are sent to tour lengths of 4(T,-T;-1)-3 to
4(T9p=-T1~1)+3 quarters. Therefore by changing the percentages
of personnel who are sent to these tour lengths in period Tj;, the
user can affect the size of the duty-type in period T;. For
instance in figure 10 the entry in the last column of the first row
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COMFTR
FOR A PAYGRADE GROUF (DEFINED BY OFS) AND DUTY TYPE:
COMPTR DESCRIBES THE EFFECT OF CHANGES IN NORMAL ROTATION
AT A FERIOD T1 ON THE TOTAL FERSONNEL IN THE DUTY TYFE AT A
SUBRSEQUENT PERIOD T2:14T1 :
ENTER FAYGRADE GROUF
113
nuTY TYFES: SHORE
ENTER FERIOD T1
13 ”

ENTER FERIOD T2
113

FIG. 9: INPUT FORMAT FOR COMPTR
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is the number of people who came from sea in period 0 and are
scheduled to rotate from shore in period 2 - in this example it is
0. If, for example, the sea-to-shore rotation pattern for period 0
is changed so that 5 percent are given a tour length of 7 quarters
while the remaining 95 percent are sent to a tour length of 6
quarters, then the consequent change in the shore level is computed
as described in the APL expression in figure 10:

0 - (.95 x 8 + .05 x 5) ~ - 8.

That is, this change in the sea-to-shore rotation at period 0 will
cause a decrease of approximately 8 people in the shore level in
period 2.

The use of COMPTR will be illustrated further in chapter
VI.

FILL

The operation of READFILE, WRITEFILE and TRANSFER require the
data files to be filled with the appropriately shaped data arrays
described in chapter III. Therefore when the files are initially
being set up, the components are first filled with shaped 0O-arrays.
Once this is done, functions using WRITEFILE as a subroutine can be
used to automatically load input data. The data files are filled
with shaped O-arrays by typing FILL. In response to the prompt,
the user specifies the compartment in which the 0O-arrays are to be
placed. FILL also initializes the check parameters. (The initial
values of the check parameters will be discussed in detail in the
description of the CHECK function.)

The user may, of course, develop programs for loading the
data files which would directly incorporate FILL or obviate its use
altogether.

PRINT

One of the major programs in ROTATIONMOD is the print
function which provides access to all the data types listed at the
beginning of chapter III. We will first describe in general terms
how the user operates PRINT; then specific input/output formats
will be illustrated.

The print program has the modular structure described in
figure 1. Each data type is printed by a function called PRINTT
which is stored in the appropriate component of MOD (the component
corresponding to a given data type can easily be determined from
the listing of PRINT in appendix B).
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The user types PRINT 'DATA TYPE', where DATA TYPE is one of
those listed in table 3. 1In response to the prompts, desired
paygrade groups and time periods are entered as numeric vectors.
Certain data types will also require the further specification of a
duty-type and/or whether the output will be in the form of an array
or as totals. After the requested duty type has been printed, a
prompt will ask if the user desires to see another duty type. If
so, the user responds by typing yes and then specifying the duty
type. Otherwise he types no and the program will continue to the
next time period or paygrade group. The program can be terminated
at any stage where input is requested by typing—. Figure 11
illustrates these possibilities.,

Additive data (see table 2) can be aggregated by use of the
parameters OP5, which defines paygrade groups, and OP6, which
defines groupings of LOS categories. For example, if OP6 = 1, L
data from all LOS categories are combined. In conjunction with
this value of OP6, inventory arrays would be printed as a
distribution by tour lengths as illustrated in figure 12.

We shall now describe input/output formats for each of the
data types in table 2. The upper portion of figure 13 shows the
input format for billet data. The lower portion is output. Since
BILLETS is an additive data type, the current workspace value of
OP5 is printed out. This defines the paygrade groups to which the
output refers. In this example the number of billets for each duty
type is the same for each of the time periods 0 < T < 4.

PAYGRADE LIMITS are shown in the sample output in figure 14.

Data for PROMOTION PROBABILITIES, ELIGIBLE PROBABILITIES,
CONTINUATION, and ADJUSTED PROBABILITIES have the output format
illustrated for continuaion in figure 15. Since these are not
additive data types, the output format does not include the values
of OP5 or OP6. The rows correspond to LOS categories, and the
columns correspond to paygrades. In the example, the LOS 8
continuation rate for paygrade group 2 is 0.8718. That is, in
paygrade 2 approximately 87 percent of this LOS continue from time
period 3 to period 4.

Early rotation data is displayed in figure 16. In this
example, for paygrade 3, 2.42 percent of the personnel on shore
duty rotate early to sea duty in period 0.

An example of the normal rotation pattern for paygrade 2, in
time period 1, is shown in figure 17. In this illustration almost
90 percent of the personnel rotating from shore to sea will be sent
to a tour length of 16 quarters.

A typical late rotation pattern is shown in figure 18 for
paygrade 3 in time period 0. In this case, 9.4 percent of the sea
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FRINT' INVENTORY'
SFECIFY DATA COMPARTMENT (O OR 1)
B
0
FAYGRADE GROUPSIL 3
TIME PERIODSIO 1

DUTY TYPE: SEA

(Sea array for paygrade 1 in period 0)

DO YO WANT TO FRINT ANOTHER DUTY TYFE BEFORE PROCEEDING
TO OTHE NEXT FAYVGRADE/TIME FERIODY YES
DUTY TYPES SHORE

(Shore array for paygrade 1 in period 0)

00 YOU WANT TO PFRINT ANOTHER TIUTY TYPE RBEFORE PROCEEDING
TOTHE NEXT PAYOGRADE/TIME FERTODT NO

(Sea array for paygrade 1 in period 1)

FIG. 11:; EXAMPLE OF PRINT SYNTAX
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FRINT'BILLETS'
SPECIFY DATA COMFARTMENT(O OR 1)
0oz
1
FAYGRADE GROUFS:1
TIME FERIODS:O 1 2 3 4

BILLET REQUIREMENTS FOR FAYGRADE GROUF = 1
(OFS=1 1 2 2 3 3 4 4 5 5 &6 6 7 7D

DUTY TYFES ' SEA SHORE NEUTRAL.
™ = 0 2443 645 13
™ = 1 2443 645 13
™ = 2 : 2443 645 13
™ = 3 2443 645 13
TH = 4 : 2443 645 13

FIG. 13: BILLET OUTPUT OR PRINT
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FRINT'PAYGRADRE LIMITS'
SEECTFY DATA COMPARTMENT (O OR 1)
{13

Q
FAYBRADE GROUPSIL 2 3 0

TIME FERIODSIO 1 2 3 4

MY ERADE GROUF LIMITS
COFS=1 1 02 02 03 03 4 4 B U 46 b6

SEETEr 1. ~ 2

FIG. 14: PAYGRADE LIMITS OUTPUT OF PRINT
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FRINT'CONTINUATION'
SPFECIFY DATA COMPARTMENT(O OR 1)
[N}

0
FAYGRADES:L 2 3
TIME FERIODRSI3
DUTY TYFED SEA

CONTINUATION RATES FOR FERIOD = 3

[RIERE 1 2 3

1 09074
& 0. B384
3 0L, BOBB 0,2730
w4 0,0860 0, 5392
5 05000 0,.8704  0.8908
é OL.BO0O  0.H243  G.9013
7 10000 0.8197  0,%202
- GL0000 [0.8718] G.58483
k4 O.0000 07273 06,9189
16 GLO000  1L.0000  GL.9231
L1 GL 0000 1.0000  0.9038
12 GL. 0000 0.8333  0.9818
13 1.0000  1,0000 6.9143
14 GL0000  1,0000  0.9091
15 GL.0000  1.0000 0.9400
1é GLQ000  1.0000  (G.9677
17 GLO000  1.0006  1.0000
18 GLO000  0,0000  1.000600
Ly GLG000 (L0000 0.7500
20 GL0000  0.0000  0.0000
21 GL0000  0,0000  0.0000
RS GaGOO0  0,0000  0,0000
P OL. 0000  G.0000  G.5000
24 Ga Q000 GL.0000  0.0000
2 GL0000  0.0000  0.0000
ey 00,0000  0.0000 06,0000
s 27 GL 0000  0.,0000 00000
- 28 GLO000  G.0000  G.0000
A OL.0000  0.0000 0.0000
3G 0. 0000  0.0000 0.0000
= 3 0. 0000 §,0000  0,0000

0. 5000
OL.8182

FIG. 15: CONTINUATION OUTPUT OF PRINT
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FRINT'EARLY ROTATION'
SRECIFY DaTa COMPARTMENT(O OR 1)
[

0
PAYORADESIL 2 &3 & 7
TIME PERIODG:O

Fafd sy ROTATION IN PERIOD =0

BOTAT TN ST S GEAMT MG SHAMY MT -G BT

PGo= 1 O.00LF  0,1471 0,0000  0.0000  0,0000
oo G55 D000 T 0,0086  0.0000  0.5000
PGos 3 0L 0000 0,0000  1.0000 1.0000
PO & 04 OO0 90,0000  1,0000 6.0000
FE G 0000 G,0000  1.0000  1,0000

FIG. 16: EARLY ROTATION OUTPUT OF PRINT
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FROTATION

ROTAHTIOMS

FRINT'NORMAL ROTATION'

SFECIFY DATA COMPFARTMENT(O OR 1)

Y

FaYGRALD

TIME

SEGH

G Q000
G Q000
0, 000G
(. GQO0
0.0000
0. 0100
CL 000
0. 8991
{3, QAGO
GL.0100
O, G000
00000
QL0000
G5 0000
0, G000
0, G000
QL0000
GL0GoG
0, 0000
0, 0000

17:

FOR

Fype—
. -‘.Zb + :’

FERIODSL

FAYGRADE PG

0.0000
G QOG0
QL0000
0. 0000
O, QG000
0, G000
0,G000
O, 0009
O OOGG
00000
0,000
0, 0000
OG000
(L Q000
0, QOO0
PR
0. 0000
20000
00000
0. QGO0

M2 BE

0.0000
0. Q000
0 GROG
0.0000
QG000
G, QGO0
Ga OO0
QL0000
G Q0G0
G OO
(. 0000
0, QGO0
00000
O, G100
0., 0400

0. 0400
0, 0100
00000

QL0000

NORMAL ROTATION OUTPUT OF
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FERTOD TM =

MY GE

GL 0000
0, Q000
0.0000
0., 0000
0. 0000
0. 0000
0, 0000
00000
43,0000
0,0000
{0000
. 0000
0, QOO0
0. 0050
0, 0200
{1, A%OO0
0, 0200
0. 00E0
00000
(r, QOO0

PRINT

MT -2 G H

0. 0000
0. QOGO
QL GQO0
0. 0000

0,0200
0. 0000
Q,0000
0. 0000
00000
GL D000
QL Go00
O D000
G O000
0., 0000
QL OGo0
Q. 0000



FRINT'LATE ROTATION'
SFECIFY DATA COMPARTMENT (O OR 1)
[

0
FAYGRADES 23
TIME PERIODS:O

LATE ROTATION FOR PAYGRADE PG o= 3 IN PERIDD TH = G
RUTY TYRE SE & GHDMRE NELITRAL

T = 1 0, 0000 0. 0000 0. 0000
T = 2 0L 0000 O 0000 0., 0000
TL = 3 0. O000 0, 0000 0. 0000
T = 4 0, 0000 0. 0000 0. 0000
T = O 0540 0, 1040 0§, 0000
Th & 0, GOT0 O 0270 0. 0000
0L 0140 0. 0130 0, 0000
0, 0070 0. 0100 0. 0000
0. 0100 00370 0. 0000
0L 0000 G 0070 0. 0000
O, OO0 QL 00T0 0, 0000
o 0, 0000 0. 0030 0, 0000
0, 0030 60,0000 0, 0000
0. 0000 0. 0130 0. 0000
0, 0030 0. 0030 0. 0000
0L 0000 0. 0030 0, 0000
00000 0, 0000 0, 0000
80,0000 0. 0000 0, 0000
G 0000 0, 0000 0, 0000
0L 0000 O, U000 0, 0000

—
C N g s BN 75
RN R

Tl

.
=i

<

0 L fad

W A3 AT

=]
Eee]

o~
s R

FIG. 18: LATE ROTATION OUTPUT OF PRINT
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inventory normally scheduled to rotate in this period will have
their PRD's increased to 5 additional quarters.

The data types INVENTORY, ACCESSIONS, PROMOTIONS, SURVIVING
INVENTORY, and PREPARED INVENTORY all have the same output format.
There are two types of output available for these data types: the
matrix array corresponding to a duty type, and the total of this
array. An example of the "totals" format is shown in figure 19.
The total for each duty type is broken out into rotating and
non-rotating totals.

Hence, in this instance, the model has projected a total of
1447 personnel in paygrade 3 at sea in period 2, and 427 of these
will rotate to a new duty type during the period.

The final output format is associated with summary data, and
is shown in figure 20. These are paygrade totals. All of this
data is additive, and the last column indicates aggregate data for
the whole rating. Note that the "promotion into" row is zero.
This corresponds to the fact that, by definition, there are no
promotions into a rating.

PROJECT

This is the main program in ROTATIONMOD. 1Its purpose is to
project the inventory at the beginning of period T - 1 to the
beginning of period T. The user simply types PROJECT T. However,
several conditions must be satisfied:

e <TLKT
e The inventory has been projected to period T - 1

e Adjusted promotion probabilities for period T - 1
have been computed

® Subsequent to projection and computation of adjusted
probabilities, no input data for periods < T - 1 have
been altered.

Violation of any of these conditions results in an error message
and termination of the program.

The inventory is projected by the sequence of steps shown in
figure 21. This loop is repeated for each paygrade.

The output of PROJECT T is of two types: inventory data and
summary data. Normally, when OP4[l] = 0, this data is stored in
the period T space in FILE4, as we have previously described in
chapter II. However, if OP4[1l]=1, PROJECT is modified to read
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PRINT- INVENTORY'
SPECIFY DATA COMFARTMENT(O OR 1)

o
0

PAYGRADE GROUFSI1 3
TIME PERIODS:O 2 3

TOTALS OR ARRAY? TOTALS

TNTAl TNUFNTORY FNR PAYGRADF GROP = 1

(NFS=3 1 2 2 3

3 4 4 5 5 &6 & 7 7

nTY TYPES SEA : . SHORE

™ = 0 fé 2854 2940 319 282 401 7
™ = 2 11 2220 2232 225 395 420 é
™ = 3 ; 7 2050 2057 238 346 584 7
TOTAL TNUFNTORY FOR FAYGRATF GROUP = 3

(MPS=t 1 2 2 X 3 4 4 5 5 & & 7 7)

NUTY TYPE! SFEA SHORE

™ = 0 334 947 1301 390 398 788 1
T™ = 2 [a27 1070 14247) 474 a4p 872 1
T™ = 3 444 1010 1454 435 432 867 - 1

FIG. 19: INVENTORY OUTPUT OF PRINT
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STARTING
INVENTORY

)

v

ATTRITION

I

OuT OF

PROMOTIONS:

IN TO

I

ROTATION

A

v

NEXT
PERIOD'S
INVENTORY

FIG. 21:

ACCESSIONS

STEPS IN PROJECT
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inventory data from the space corresponding to time period = OP4[2]
and its other input data from the space corresponding to a time
period = 0P4[2] - 1. The inventory which is projected on the basis
of this input is stored in the space corresponding to time period =
OP4[2], destroying previous stored data. By setting OP4 <1, T
the user can thus project the inventory stored in the time period T
space (using constant input data from the time period T-1 space) to
any number of future periods. Since inventories from intervening
periods are destroyed in this process, the operator should obtain a
hard copy printout of all desired information before proceeding to
the next projection. Circumstances in which this option are useful
will be described in chapter VI.

The settings of OP2 and OP3 determine which combination of
the three rotation categories

Early rotation (OP3 = 1)
Normal rotation
Late rotation (OP2 = 1)

the projection program utilizes (see chapter IV for a discussion of
the parameters OP2 and OP3). The setting of OPl determines the
data compartment that PROJECT reads from.

STATUS

When the user types STATUS, current values of all parameters
are displayed as shown in figure 22. The interpretation of the
display below the dotted line has already been discussed in chapter
IV in conjunction with the check parameters.

TRANSFER

This function is used to transfer specified data types from
one data file compartment to another. The user types TRANSFER,
then indicates to which compartment data is to be transferred.

The user also has the option of transfering an entire data file or
a specific data type.

In order for this function to work, the data files must be
filled with the shaped data arrays described in chapter III.
READFILE and WRITEFILE

These two functions are the primary means of access to the
data files. As such, they appear as subroutines in many of the

other ROTATIONMOD functions. These two functions manipulate the
data units which were defined in chapter III. The syntax of both
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functions are the same. The user types READFILE X, where X is a
vector whose 4-components specify a file compartment, a data type,
a paygrade and a time period respectively (1 < X[2] < 12), where
the value of X[2] defines the data type as indicated in table 2.
The data unit specified by X is read from the data file and placed
in the workspace. Similarly, WRITEFILE X stores the -data unit
corresponding to X[2] in the file space defined by the coordinates
X[1], X[3] and X[4]. 1If the corresponding data unit is not in the
workspace an error results and WRITEFILE is suspended. These
functions can be used as subroutines to functions for automatically
loading or altering the data base, or the user may apply them
directly.

This completes our description of the user oriented
functions. Unless it is desired to make alterations in the model,
it is not necessary to be familiar with the "system" functions
described in the next section.

System Functions
These functions occur as subroutines in the user-oriented
programs previously described. They are generally more technical

than the user-oriented functions, and so we adopt a more symbolic
description throughout this section.

ALTER

Syntax: J ALTER X
J is an integer in the interval a < J < 6. X is a 3-component
vector specifying a data compartment, paygrade and time period.
The output, a 3-dimentional array called HOLD, is one of the
following data-types:

e (J = 1) The inventory array specified by X.

e (J = 2) The late rotating portion of the inventory
reassigned to their new tour length cells.

e (J = 3) The normal inventory after late rotating
personnel have been removed.

e (J =4 or 5) The portion of the inventory subject
to early rotation.

e (J = 6) Normal inventory after early rotating
personnel have been removed.
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For J = 2, ALTER produces an array of the same dimensions as
inventory. The (a, b, c¢)-th component is the total number of
personnel in duty type a and LOS b who have been ressigned to a new
tour length c. The early rotating portion of the inventory is
distributed equally in tour length components 1 through 4.

Since there are 6 rotation types (see chapter III), the early
rotating inventory is further divided into two 3-dimensional
arrays, one corresponding to J = 4, and the other corresponding to
J =5. For J = 4 the (a, b, c)-th entry is the total number of
early rotating personnel in LOS b with tour length c (1 < ¢ < 4)
whose rotation type is 2a-1 (see page 14). For J = 5, the first
component a of the HOLD array specifies early rotation type 2a.
This division was made in order to avoid output arrays of more than
3-dimensions.

ALTER is used as a subroutine in PREPINV to separate
(according to the particular settings of OP2 and OP3) the inventory
array into early, normal and late rotating components.

ATTRITION
Syntax: ATTRITION X.

X is the same vector as in ALTER. If OP4[1l] = 0, this
function applies the appropriate continuation rates to the
inventory specified by X, and produces a new inventory consisting
of the survivors in each cell (duty-type, LOS, tour length). When
OP4[1l] = 1, the normal operation of attrition is altered so that it
computes a surviving inventory based on the X[3] + 1 time period
inventory but using X[3] period continuation rates.

The function is a subroutine of ADJPROB, PROJECT and
ALTER.

CHECK
Syntax: X CHECK 2

X is a binary digit, and Z is a 2-component vector. CHECK is
a regulatory function which appears in ADJPROB and PROJECT. It
serves two purposes. When X = 0, the CHECK routine determines
whether the check parameter COA, ClA, COP or ClP, which is
specified by Z[1l] = 1, 2, 3, or 4, respectively, has a non-zero
entry in its first Z[2] components (i.e., whether these input data
files have been altered since the last projection). When X = 0
CHECK has an output CH. TIf data has been altered, CH = 0 and CHECK
gives an error message. Otherwise CH = 1.
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When X = 1, CHECK defines the 0O-component check parameter
corresponding to Z[1l] for time period 2Z[2] (see chapter 1IV), and
stores it in the data files.

FFF
Syntax: FFF

This function is a subroutine of ADJPROB; it does the
computation of adjusted probabilities. Paygrade limits and
available positions, computed by ADJPROB, are inputs to FFF. The
basis for this computation is described in appendix A.

FILEALT
Syntax: X FILEALT T

X is a 2-component binary vector, T is the time period in
which an alteration in file data is to be made. The function
FILEALT is designed to be a subroutine in any program (e.g. CHANGE)
which alters data file contents. 1Its effect is to place a 1 in
component T + 1 of the check parameter defined by X as shown in
figure 23.

X Check parameter
0 0 CoA
0 1 COP
1 0 Cla
1 1 Cclp

FIG. 23: DETERMINATION OF CHECK PARAMETERS IN FILEALT

GROUP

Syntax: OP6 GROUP X.

Here X is a 4-component vector specifying a data compartment,
data type, a paygrade group, as determined by the current value of
OP5 (explained in chapter IV), and a time period.

GROUP is a subroutine in those print functions corresponding

to additive data types. It aggregates the appropriate data for the
paygrade groups or LOS groups defined by OP5 and OP6.
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HEADER
Syntax: HEADER I

I is a positive integer in 1 < I < 6.

HEADER is a function which prompts the user to specify
input data; the type of data depends on the index I as shown in

figure 24. When I = 1, the user is asked to respond with a data

I Prompt

1 DATA TYPE:

2 DUTY TYPE:

3 PAYGRADES:

4 PAYGRADE GROUPS:

5 TIME PERIODS:

6 TOTALS OR ARRAY?

FIG. 24: INDICES FOR HEADER

type; when I = 2 the user must respond with a duty type; when I =
3, a rotation type is required (see page 15); for I = 4, paygrade
groups must be described by a numeric vector; I = 5 requires the
same response for time periods; and when I = 6, the user response
is "totals" or "array." An alternative response to all of these
prompts is to type """, and this will terminate the program in
which HEADER is embedded. The output of HEADER is an integer BR in
the range 0 < BR < 3 whose value is interpreted as follows:

e (BR = 0) Invalid user input. 1In this case an error
message results, and the program in which HEADER is
embedded is terminated.

@ (BR = 1) This is in response to "—e", and indicates
termination of the program in which HEADER is
embedded.

@ (BR = 3) This value occurs when the user has
entered a valid input response and signals the
beginning of the function in which HEADER is embedded.
(Note: at one point in the development of the model
the value BR = 2 was used, Subsequent changes rendered
this case unnecessary.)

HEADER 6 translates the user's response into a binary digit H,
where

H = 0 if user enters totals
1 if user enters array
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The print functions in which HEADER 6 occur use the value of H to
decide whether to print arrays or totals.

The reason for introducing the variable BR is as follows.
Normally, because of the structure of PRINT, if the user terminates
the program before completion this will leave a PRINTT function in
the workspace which must be expunged before PRINT can be used
again. The introduction of the variable BR allows the user to
terminate in response to any HEADER prompt without encountering
this difficulty. For when BR = 1, PRINTT will branch to its last
step and is automatically expunged by the calling program.

PREPINV
Syntax: PREPINV X
X is the same vector as in ALTER.

PREPINV is a subroutine of PROJECT and GROUP, whose function
is to prepare the inventory for rotation. First, the specified
inventory is subjected to attrition; then, according to the
settings of OP2 and OP3, the surviving inventory is divided into
early and normally rotating components (the late rotating component
after being assigned to new tour length positions is added to the
normal inventory). Finally, for each of these components,
promotions into and out of the paygrade are computed and a new
inventory (still separated into two components) after promotions is
the result. This "prepared" inventory is ready to be rotated.

Because of workspace limitations, the prepared inventory
arrays defined by PREPINV are represented by a (0, l)-array and a
vector whose components are the non-zero entries of the array (this
decomposition has already been described in chapter III).

PRIN
Syntax: I PRIN X

I is either 1 or 2, and X is a data array.

PRIN is a format function which appears in PRINT. Its
purpose is to format the output of the various PRINTT functions.

This completes our discussion of the structure of

ROTATIONMOD. In the next chapter some general principles for
operating the model are described.
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CHAPTER VI

USING ROTATIONMOD

Chapter I consists of a general description of the expanded
rotation model and its characteristics. In this chapter those
remarks will be amplified and extended, and a sample analysis will
be presented. Although a detailed knowledge of APL is not required
for operation of the model, it is assumed that the user is familiar
with APL notation and the management of APL workspaces.

Applications of the model include:

® projecting current inventory to a five year
horizon

e determining what alterations in accessions and
rotation policies will provide desired paygrade
endstrengths and sea/shore distributions of personnel
throughout the five year projection period

e using this projection as a baseline to modify
controllable manpower variables to produce a desired
inventory profile

® detecting changes in uncontrollable variables by
comparison of actual and projected inventories

e answering "what if" questions.

The variables which influence the five year projections are
endstrength requirements, accessions, continuation rates and
promotions; however, the variables which can be manipulated by the
user (within real-world constraints of course) are generally
limited to accessions, and rotation. Although incentives of
various sorts may influence continuation, the Navy cannot affect it
very much. Moreover, the relations between continuation and fac-
tors which influence it are not well understood in any quantitative
sense. Endstrength requirements are pretty well determined, and
the computation of adjusted promotion probabilities is built into
the model.

Substantial changes in either early or late rotation will
result in increased personnel costs and are disruptive to both
morale and the stability of sea/shore distributions. Thus
systematic manipulation of these variables would not be desirable.
The role of early and late rotation in the modeling process should
be restricted to accounting for PRD changes due to unavoidable
factors, such as operational holds, humanitarian considerations,
leave between duty tours, and participation in schools.
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Once a suitable inventory profile has been projected, by
appropriately altering accessions and rotation patterns as
necessary, the data base which corresponds to this profile can be
used as a guide to ERCs and detailers in making actual personnel
assignments. To the extent that practice conforms to the policies
described in the data base, the real-world personnel distribution
will reflect the desirable characteristics of the projection.

The first step in using ROTATIONMOD is to define the parame-
ters K, L, M, and T. These should be saved in the workspace, and
they remain fixed throughout the entire analysis of the particular
community or rating being considered. Normally K = 7 (there are
nine paygrades, but the first three are usually not distinguished),
L =31, M= 20, and T = 5 (due to file space limitations, larger
values of T cannot conveniently be accommodated). Next the initial
values of the parameters OPl, OP2, OP3, OP4, OP5 and OP6 should be
set. These define the normal mode of operation of the functions,
and should also be saved in the workspace so that whenever it is
loaded, the parameters will be automatically reset to these values.
For example, the normal setting for operation of the model would be
OPl<—0, OP2<—QOp3<—1, OP4~—0,0, OPS5=<—1, 1, ... K, K and OP6<+—
1, 1, ... L, L. ROTATIONMOD will then utilize data from the
0-compartment. With the indicated setting of OP2 and OP3, all
three types of rotation data will be used in projecting the inven-
tory. The projected inventory for time period T will be based on
period T-1 input data. Also, paygrade groups and LOS groups will
correspond to the normal paygrades and LOS categories determined by
K and L. At all times the user must exercise caution to see that
The parameters are appropriately defined for the purpose at hand.
Their current values can be checked by typing STATUS.

Using FILL, the following data files can be loaded with
appropriately shaped O-arrays:

Billets

Paygrade limits
Promotion probabilities
Eligible probabilities
Continuation

Early rotation

Normal rotation

Late rotation
Accessions

Adjusted probabilities
Inventory

Summary

After this has been done, programs for automatically loading data
by data units, which incorporate the WRITEFILE function, can be
used to enter the data base. Alternatively, the user may wish to
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develop other methods for loading the data files which do not use
FILL or the WRITEFILE function.

The data types and their structure have been discussed in
chapter III; however, some additional remarks are appropriate here.
Historial data for the community under consideration can be
obtained from the enlisted master record (EMR). This includes
promotion probabilities, "LOS" continuation rates, rotation data,
and accessions. Billet requirements are determined by Navy manning
policies in conjunction with paygrade endstrength limits imposed by
Congress. For data types such as promotion probabilities and
continuation it may be useful to use the averaged data from several
periods. Eligible probabilities depend on length in service
requirements and test scores. When the model was applied to
several test communities, eligible probabilities were estimated by
taking the maximum value of 1 and 1.5 times the historial
probabilities. This gives an eligible probability distribution
which is similar to the historial distribution, and at the same
time allows the model to respond to alterations in endstrength
requirements or changes in other variables which affect promo-
tions.

Initially the same data can be entered for each projection
period unless there are specific anticipated (or desired) altera-
tions from period to period; e.g. the user may wish to analyze the
effect that a predicted decline in continuation would have on
filling sea billets under the present rotation policy.

The inventory is projected to T periods by alternately
running ADJPROB T and PROJECT (T+l1l) for T = 0,1, ..., T-1. When
OP4 = 0,0 the results of each projection are stored in the data
file in the appropriate time period space. The complete data base,
including these projected inventories, can be accessed by the PRINT
function. 1If alterations in input data, such as rotation patterns
or accessions, are desired, a copy of the original projection and
input data can be transferred to the opposite compartment by using
the TRANSFER function. As long as OPl is not changed, this data
will remain intact while the original input can be modified. After
changing input data, another projection can be run to see the
consequences. Thus an important application of the model is to
answer "what if" type questions: what will a 10 percent change in
continuation do to the sea/shore distribution; or what are future
consequences of changing rotation patterns?

Another important feature of the model lies in its interac-
tive capability, allowing complex interrelations between the data
types, and a large number of possible alterations to achieve a
given inventory profile. This allows the user to attain desired
goals--or determine that they are inconsistent--through a series of
iterative steps in which a projection is alternated with selective
modification of the data base. The users' knowledge and intuition
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concerning the sea/shore rotation process will be helpful in
deciding what kind of changes are necessary to project a desired
result. User-oriented functions, such as COMPTA and COMPTR help
the operator estimate the magnitude of required changes.

The parameter OP4 provides the user with a means of extending
the projection capability of the model beyond its normal limits.
However, when this option is used, each projection destroys the
previous inventory so the user must obtain hard copy data from that
inventory before proceeding with a further projection. Also, the
input data (other than inventory to be projected) cannot be altered
for each projection, but must remain independent of time. To use
this option the operator sets OP4-—1,T where T is some time period
in the interval 1 < T < T. Then the inventory to be projected is
that which is stored in the time period T space, and the remaining
input data on which the projection is based (i.e. continuation,
rotation, accessions, etc.) is that which is in the T - 1 time
period space. For example, the operator may project the inventory
normally to T periods, then set OP4-<—1,T and project further to a
period T', say, with the limitations of a constant time period
T - 1 input for each projection and loss of the projected inven-
tories for intervening periods between T and T'.

We shall now give an example of the application of
ROTATIONMOD. The initial inventory is the SeaBee community in
1976. The other input data was obtained by comparing the 1976 EMR
with the 1977 EMR. For the first set of projections, the paygrade
limits that were used at each of the five projection periods were
simply the paygrade endstrengths in 1976. The results of this
initial projection are summarized in figures 25 and 26. Figure 26
shows a more detailed breakdown of the sea/shore distribution for
paygrade group 3. From figure 25 we see that the projected SeaBee
community will sustain a loss of 1,134 personnel in this 5-year
period. By examining more detailed output (indicated here for
paygrade group 3) for each paygrade we find that 947 of the losses
will be from sea duty. Suppose that it is desired to attain an
overall force size of 9,700 within 3 years, with the new paygrade
limits indicated in figure 27. By using COMPTA, we obtain an
estimate of 1,872 as the number of accessions needed per period
over 3 years to attain the desired force level; this requires an
increase of 268 per year. Since most accessions come into paygrade
group 1, this is where the additional 268 personnel would enter.
Using CHANGE, the original accession array for this paygrade can be
scaled by an appropriate factor so that the new accessions total is
1,827. There are clearly many other ways of increasing accessions,
and each of these will have implications for the sea/shore process.,
The user must be aware of a variety of options.

After accessions were changed, the inventory was again
projected for 3 periods. The rating totals for each of these
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OPS=1 1 2 2 3 3 4 4 5 5 6 & 7 7

PAYGRADE GROUP i 2 3 4 5 é 7

"INITIAL INVENTORY FOR PERIOD 0 Ihve 2048 2091 1986 714 178 ?1 10264
INVENTORY of TER: ATTRITION 2705 1232 181% 1435 609 150 75 8021
FRONOTIONS INTO PAYGRADE GROUF 0 1213 G470 2794 141 43 9 0
ACCESSIONS INTO FAYGRAND GROUP 1604 7 X4 54 ] 1 1 169%
FAYGRADE GROUF LIMITS FOR FERIOD 1 3097 1882 2124 1642 70% 185 83 ?717
FROJECTED INVENIORY FOR FPERIQD 1 3096 1882 212y 1642 703 185 83 9716

(OFS=1 1 2 2 3 3 4 4 5 5 6 & 7 7

FAYGRADE GROUFP i 2 3 4 5 6 7

INITIAL INVENTORY FOR FERIOD i 3096 1882 2124 1642 703 189 83 9?7146
INVENTORY AFTER ATTRITION 2406 1111 1828 1490 606 142 64 7648
FROMOTIONG INIO PAYGRALE GROUM 0 822 409 404 184 68 23 0
ACCESSIONS INTO PAYGRADE GROUR 14604 7 34 G4 "4 1 1 1695
FAYGRALE GROUP LIMITS FOR FERTOD 2 2789 1531 19865 1746 718 196 76 8961
FROJECTED INVENTORY FOR FERLOD 2 3188 1531 leéh 1746 716 i8s 86 9343

(OFS=1 1 2 2 3 3 4 4 5 5 & & 7 7)

FAYGRALE GROUF " 1 2 3 4 5 6 7

INITIAL INVENTORY FOR FERIOD 2 3188 1531 1865 1766 718 188 Bé PIAT
INVENTORY AFTER ATTRITION 2552 956 1586 1619 640 181 70 7570
PROMOTIGNS INTO PAYGRAI'E GROUP 0 1511 o592 34 114 A7 14 0
ACCESSIONS IN10 FAYGRALL GROUP 16G4 7 24 54 T4 1 -1 169%
PAYGRADE GROUF LIMITS FOR PERIOL 3 3097 1882 2125 1642 7035 i8% 83 9717
FROJECTED INVENTORY FOR PERIOD 3 2645 1882 2125 1642 703 185 83 9265

OF5=1 1 2 2 3 3 4 4 5 5 & 6 7 7)

FAYGRADE GROUF ' 1 2 3 4 5 6 7

INITIAL INVENTORY FOR FERIOD 3 2645 1882 2125 1642 703 18Y 83 9245
INVENTORY AFTER ATTRLTION 2208 1144 1792 1484 632 154 70 7464
FROMOTIONS INTO FA&YGRADE GROUP 0 125%8 52 223 119 a5 14 0
ACCESSIONS INTO FAYGRADE GROUP 1604 7 34 54 T4 1 -i 1694
FAYGRADE OROUF LIMITS FOR FERTOD 4 3097 1882 212% 1642 703 1g% 83 9717
FROJECTED INVENTOLY FOR FPERIOD 4 2559 1882 2125 1642 703 i@y 83 9179

WF3=1 1 2 2 3 3 4 4 5 5 & &6 72 7)

PAYGRADE GROUR 1 2 3 4 5 é 7

IHITIAL INVENTORY FOR FERIOD 4 2309 188X 212y 1442 70% 18% 83 9179
INVENTORY AF1ER ATTRITION 2163 1170 1764 1479 634 152 71 7435
FROMOTIONS INTO PAYBRATE GROUR G 1226 S94 227 118 45 13 0
ACCESSIONS INTO FAYGRANE GROUF 1604 7 34 94 4 i ~1 1695
FNYGRADE GROUF LTHITS FOR FERIOD S 3097 1882 212% 1442 703 18Y a3 9717
FROJECTED TNUENTORY (OF FERIOD 5 2043 184% 2125 1642 703 185 83 2130

FIG. 25: ORIGINAL SEABEE PROJECTIONS
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TOTAL INVENTORY FOR FAYGRADE GROUF = 3
(OFS=1 1 2 2 3 3 4 4 5 % & 6 7 7)

DUTY TYPE! SEA : ' SHORE NEUT RAL
TM-= 0 334 967 1301 370 398 788 1 i 2
™ = 1 385 . 933 1318 3886 414 803 2 3 S
™ = 2 321 804 1125 372 365 736 i 3 4
™ = 3 382 926 1307 414 400 814 1 3 4
T = 4 392 922 1321 396 404 801 i 3 4
T = 9 387 ?13 1301 4035 416 821 1 3 3
FIG. 26: ORIGINAL SEABEE PROJECTIONS FOR PAYGRADE 3
Paygraée Paygrades

limits 1 2 3 4 5 6 7

01ld - 3097 1882 2125 1642 703 185 83

New 2645 1882 2325 1842 703 220 83

FIG. 27: NEW PAYGRADE LIMITS FOR SEABEES
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periods are shown in figure 28. At the third period, the
projection is very close to the desired goal of 9,700.

Time periods Rating totals
0 10,264
il 9,893
2 9,674
3 9,721

FIG. 28: SECOND PROJECTION OF SEABEE RATING USING
ORIGINAL ENDSTRENGTHS AND ASSESSIONS

In the next step the new paygrade limits were entered and the
inventory was again projected to 3 years. The result is shown in
figure 29; the new paygrade limits have affected the rough

Time periods Rating totals
0 10,264
1 9,893
2 9,730
3 9,840

FIG. 29: THIRD PROJECTION OF SEABEE RATING USING NEW
ENDSTRENGTHS AND INCREASED ACCESSIONS

estimates of continuation on which the COMPTA calculations are
based. Therefore it was necessary to reestimate needed accessions
per period and project again. The projection shown in figure 30 is
the final result of two iterations of this process. The projection
was run twice in order to try to fill paygrade endstrengths in the
lower paygrades 1 and 2. However, we were not able to significant-
ly improve the personnel distribution between these paygrades by
period 3. The reason is that eligibility limits for paygrade 1 did
not allow a sufficient number of promotions into paygrade 2.

In order to simplify the example, we have not taken into
account the fact that entries into paygrade 1 must satisfy length
of service requirements before becoming eligible for promotion.
This would mean that an increase of promotions into paygrade 2
might be delayed 1 or 2 periods.

After having attained a desired endstrength and paygrade
distribution at the end of period 3, a similar analysis can be
used to stabilize this inventory profile over the remaining two
periods if that is desired.
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.

Wres=1 1 2 2 3 3 4 4 5 5

PAYGRADE GROUP

INITIAL INUINTORY FOR FERICD 0
INVENTORY AFTIR ATTRITION
FRONOTIONS INTO PAYGRADE OROUF
ACCESSIONS INTO FAYGRADE GROUF
PAYGRADE GROUF LIMITS FOR FERIOD 1
FROJECTED INVENVORY FOR PERIOD 1

(OF3=1 1 2 2 3 3 4 4 5 §

FAYGRADE GROUF

. INITTAL INVENTORY FOR FERIOD 1

INVIMNTORY AFTER ATTRITION
FROMOTICNS INTO PAYGRADE GROUF
ACCESSIONS INTO PAYGRADE GROUF
FAYGRARE GROUFP LIMITS FOR FERTOD 2
FROJECTED INVENTORY FOR FERIOD 2

(CFS=1 1 2 2 3 .3 4 4 5 5

PAYCRATE GROUF

INITIAL INVENTORY FOR FERIOD
INVLENTORY AFTER ATTRITION
PROMOTIONS INTO -FAYGRADE GROUFR
ACCESSIONS IHNTD FAYGRADE GROUF
PAYGRADE GROUM LIMITS FOR PERYOL 2
FROJECTED INVENTORY FOR FERIOD 3

i)

o

(OFS=1 1 2 2 3 3 4 4 5 5

PAYCRADE GROUM

INITIAL INVENTORY FOR PERIOD 3
INVENTORY AFTER ATTRITION
FROMOTIONS INTO PAYGRADE GROUF
ACCESSIONS INTO FAYGRADE GROUF
FAYUGRADE GROUF LIMITS FOR FERIOD 4
PROJECTED INVENTORY FOR PERIGD 4

(OFS=1 1 2 2 3 3 4 4 5 §

PAYGRADRE GROUF

INITIAL INVENTORY FOR FERIOD %
INVENTORY AFTER ATTRITION
FROMOTIONS INTO FAYGRADE GROUP
ACCESSIONS TNTO I'AYGRADE GROURP
FAYGHADE GRONP LIMITS FOR PERTOD S
FROJECTED IRVUNTORY FOR TERIOD ]

FIG. 30:
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The next step in our example is to consider the sea/shore/
neutral distribution within paygrades. For purposes of illustra-
tion we shall focus on paygrade 3. However, it is essential to
note that alterations in the rotation pattern in any paygrade will
affect the duty type distribution in higher paygrades because
personnel who are promoted retain their PRD's, thus a significant
number of promotions out of a paygrade can change the distribution
of personnel in the next higher paygrade. The paygrade 3 distribu-
tion for the last projection is given in figure 31. This shows a
steadily increasing shore contingent. Assume that it is desired to
maintain a stable shore total of about 788 (i.e. keep the size of
the shore component the same as it is initially). Since the pay-

grade endstrength has been increased, this will result in more
personnel at sea.

TOTAL INVENTORY FOR PAYGRADE GROUP = 3
(OP5=1 1 2 2 3 3 4 4 5 5 &6 6 7 7)

DUTY TYPES SEA SHORE NEUTRAL
TH = O 334 287 1301 390 198 788 1 1 2
™ =1 426 990 1416 417 429 846 2 4 S
™ =-2 427 1020 1447 424 448 872 i 3 4
T™H = 3 444 1010 1454 435 432 867 i 3 3
™ = 4 458 288 1447 430 445 875 1 3 4
™ =S 449 972 1421 442 458 200 i 3 4

FIG. 31: PAYGRADE 3 PROJECTIONS FOR SEABEES USING
ORIGINAL NORMAL ROTATION PATTERN

The size of the shore component at any time T > 0 will be
affected by two factors: (i) the number of people who are rotating
from shore duty in period T - 1, and (ii) the number of people who
will be coming to shore in period T. Each of these factors can be
influenced by alterations in the rotation pattern. For example in
period 1 the table in figure 31 shows an increase of 58 people at
shore. Unless existing PRD's are changed, the only way to decrease
this number is to send more rotating sea personnel to neutral.
Therefore, if neutral duty is to be kept small there is little that

can be done to normal rotation patterns that will reduce the size
of the shore component in period 1.

At period 2 there is a projected increase of 84 personnel
ashore. Now, however, an alteration in the normal rotation pattern
in period 0 can reduce this projected increase. The normal sea to
shore rotation pattern in period 0 is described below.
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tour length
(in quarters) 6 7 8 9 10
percent rotated
to tour length .01 .04 .89 .04 .01

FIG. 32: INITIAL SEA TO SHORE ROTATION PATTERN

Thus 89 percent of the rotating sea personnel are sent to shore for
a tour length of 8 quarters; in all, 99 percent are sent to shore
duty. Using COMPTR with Tl = 0 and T2 = 2 we find that with the
current rotation pattern approximately 3 of these people will
rotate from shore in period 1. This can be computed from the
portion of the COMPTR output table shown in figure 33 using the
above rotation pattern.

Tour length 4 5 6 7 «o. 20
Sea to shore 199 140 89 43 ... 3
Neutral to shore 1 1 0 O 0

FIG. 33: OUTPUT OF COMPTR FOR T1=0 and T2=2

The entries which are not indicated are all zeros. However, if all
99 percent of the sea to shore rotating personnel are sent to a
tour length of 7 quarters then there will be

0.99 x 43 = 43
people in this group who will rotate from shore in period 1 (see
description of COMPTR in chapter IV); therefore in period 2 the
shore size will be decreased by approximately

43 - 3 = 40.

When this alteration in normal rotation is made, and the
inventory projected again using the new pattern, the results for
paygrade 3 are shown in figure 34.
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TOTAL INVENTORY FOR FAYGRANE GROUF = 3
(DF'5=112’23344556677)

DUTY TYFE: SEA SHORE NEUTRAL

= ) 7 1301 390 a9e 788 1 1 2
13 = 2 332 Zgo 1416 491 353 844 2 4 5
TH = 2 427 1060 1487 383 447 830 1 3 5
™ = 3 444 1014 1457 429 433 862 1 3 3
™ = 4 459 988 1447 430 444 875 1 3 4
T™ = 5 461 940 1421 442 458 900 1 3 4

FIG. 34: PAYGRADE 3 PROJECTION FOR SEABEES USING
NEW ROTATION PATTERN IN PERIOD O

The change in normal rotation has resulted in a smaller
increase (=32) in the shore size in period 2, however there is no
substantial effect in later periods.

A more extreme alteration in the normal rotation pattern at
period 0 would have resulted in an even better result. For example
if .92 = 84/89 of the sea-to-shore rotating personnel are sent to a
tour length of 6 quarters, and the remainder are distributed over 7
to 10 quarters then the new projection would have resulted in a

shore total of 788 in period 2. The user of the model must decide
what alterations in rotation are acceptable.

At period 3 the projected shore size (figure 34) is 74 above
the desired level. Using COMPTR with Tl = 1 and T2 = 3 we obtain
the output:

Tour length 4 5 6 R0
Sea to shore 239 176 114 64 ... O 4
Neutral to shore 0 0 0 0 ... O 0

FIG. 35: OUTPUT OF COMPTR WITH Tl=1, T2=3

In order to reduce shore size to 788 in period 3 it is not
sufficient to send everyone rotating from sea-to-shore in period 1

to a tour length of 7 quarters, as before, since this would result
in a decrease of only

(.99 x 64) - 4 = 59

people. Therefore a reduction in shore size of 74 will require
that a certain percentage of personnel rotate to a tour length of 6
quarters at shore. Another possibility is to reduce the number of
people coming to shore in period 3. This can be accomplished
either by sending a larger percentage of rotating sea personnel to
neutral or by extending sea tours. However, in this example the
sea tour lengths already average around 16 quarters, so an increase
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here could have adverse effects on moral and ultimately on
continuation. 1In view of these considerations, the user may decide
to solve his problem by decreasing shore tours at period 1.

Assuming this is the case, we want to send a percentage x to
6 quarters and a percentage y to 7 quarters in such a way that (see
figure 35)

114 x + 64y = 74

and
Xx +y = .99.

The solution of this system of equations is
x = 0.21, y = 0.78 .

It is clear that there are many possible rotation patterns that
will result in the desired decrease in shore size, the solution
given here was motivated by a desire to keep neutral duty the same
size (second equation) and reduce the shore tour as little as
possible.

Proceeding as above for each succeeding time period we arrive
at the following sea to shore rotation pattern for periods T = 0,
1, 2, 3:

Tour length = 6 7
T=20 0 .99
T =1 .21 .78
T = 2 .31 .68
T =3 .79 .20

FIG. 36: ALTERED SEA TO SHORE ROTATION

The inventory which is projected with the new rotation
pattern is shown in figure 37. Note from figure 36 that in period

TOTAL INVENTORY FOR FAYGRADE GROUF = 3
(OFS=1 1 2 2 3 3 4 4 5 S 6 &6 7 7)

nuTY TYPES SEA SHORE NEUTRAL
™ = 0 324 967 1301 390 398 788 - 1 1 2
™ =1 426 990 1416 491 353 844 2 4 )
™ = 2 427 1060 1487 505 323 827 1 3 S
™ = 3 444 1084 1528 492 295 787 1 3 4
™ = 4 459 1071 1530 519 263 782 1 3 4
™ =5 461 . 1068 1528 526 255 781 1 3 4

FIG. 37: PROJECTION FOR PAYGRADE 3 OF THE SEABEES
USING THE NEW NORMAL ROTATION PATTERN
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3 a substantially greater percentage of the sea to shore rotating
personnel are sent to a short tour length than is the case in
earlier periods. The reason is that personnel sent to sea in
period 0 are returning to shore in period 5, and therefore the
alterations in rotation in period 3 must also compensate for this
increased flow.

In order to analyze the effects of the changes that have been
made in rotation, the user can set OP4-<— 1, 5 and project the
inventory to period 6 as previously described.

The example given illustrates one aspect of the applicability
of the model. ROTATIONMOD can be used for a variety of analyses,
and it is anticipated that specialized programs will be written to
facilitate these applications. We shall consider one more example.
For a given rotation policy (including accessions, continuation and
promotion) there are definite steady-state inventories for which
that policy can be implemented. Such an inventory can be scaled to
any desired size, but the ratios between sea/shore/neutral totals
will be determined by the rotation policy. This fact must be taken
into account in considering the following question: how many shore
billets are needed to support rotation when the number of sea
billets is given? 1In order to answer this, it is first necessary
to find a steady-state inventory (computational methods for doing
this are discussed in appendix A) with respect to the stated
rotation policy. This inventory can be scaled to give the desired
number of sea personnel. The corresponding size of the shore
contingent will then determine how many shore billets must be
bought to support the desired rotation.
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APPENDIX A

DESCRIPTION OF THE EXPANDED ROTATION MODEL

The purpose of this appendix is to describe the theoretical
basis for the expanded rotation model (ROTATIONMOD). This will
include a discussion of the simplifying assumptions which were
used, and estimates of the error which these introduce into the
model. The final section deals with several applications of the
model.,

DESCRIPTION OF THE MODEL

Personnel movements in a rating or group of ratings are
modeled as a network with flows. Each node or "cell" in the
network is characterized by four components (j, k, [, m), where j
designates a paygrade group, k represents one of the duty types, /
is a length of service (LOS) category, and m represents the number
of quarters until rotation to a new duty type. The parameters K, L
and M are the maximum values of j, / and m respectlvely Since any
number of paygrades can be aggregated if desired, K is variable.
Usually however K = 7 and the first three paygrades E-1, E-2 and
E-3 are aggregated as paygrade group 1. If length of service is
measured in years then L = 31, and periods to rotation are measured
in quarters; thus M = 20 corresponds to a maximum tour length of
five years.

There are three types of duty --
(1) sea
(2) shore

(3) neutral.

Therefore the components of a cell are limited by the inequalities

(1)

o

IAIAIAIA
B Euw.
IAIAIAIA
1=l wix

We use Nt(O;j,k,ﬂ,m) to denote the total number of personnel
in cell (j, k, £, m) at the beginning of period t (i.e. all
personnel who have the characteristics specified by the

coordinates). For convience we also define Nt(O;j,k,l,m) =0
whenever one of the coordinates lies outside the range specified in

(1).



The only possible flows out of a node are those defined
below:

(Jlkr[,lm) ——— - (J Z‘*‘l, m—4) ifm> 4
(2) (j,k,f/,m) —» (J+ l k /+1, m—4) ifm > 4

(jlkIZIm) e (Jr k', Z"'l m') ifm _S 4

(3.%,0m) — (3+1, k', f+1, m') ifm< 4 .

These flows model the several types of personnel movements. When
an individuals' projected rotation date (PRD) to another duty type
is larger than four quarters, he normally remains in the same duty
type until next period, but his PRD is decreased by four, and his
LOS is increased by one. The first two expressions represent this
type of flow. 1In the second expression the individual has been
promoted to the next higher paygrade. In (2) k' # k and the

flows involving k' represent actual changes in duty type. As
before, flows of the form (j, ., ., .)—(j+l, ., ., .) represent
promotions into the next higher paygrade. These restricted flows
are based on certain assumptions concerning the personnel process;
for instance, that an individuals' tour length is not altered once
he has been assigned to a duty type. This is not strictly true,
and in some ratings a substantial portion of the inventory
experience alterations in tour lengths. At a later stage, we will
introduce procedures for altering this "normal" rotation pattern.
Another assumption that is implied by (2) is that no one is
promoted more than one paygrade per period. This is essentially
true. Finally relations (2) imply that an individual who is
promoted will remain in the same (k, [, m)-th cell;: that is, time
remaining in duty type is not affected by promotion.

In addition to the flows which have been described thus far,
there are flows into and out of the network which represent posi-
tive or negative accessions. Positive accessions are personnel
added to the rating--either new enlistees or lateral transfers;
negative accessions are losses to the inventory due to factors such
as a lateral transfer out of the rating. Also, school candidates
are not part of the distributable inventory. This can be modeled
by considering them as negative accessions to the rating when they
go into school, and positive accessions when they finish school and
are again counted as distributable. We use the notation

At(j,k,Z,m) to represent total accessions to cell (j,k,[,m), i.e.
the difference between positive and negative accessions.

The inventory at the beginning of period t+l is given by the
equations

l(O;j,k,Z,m) = At(j,k,ﬂ,m) + (inflows from promo-
tions and rotation
in period t).



We shall describe the second term in this relation more precisely;
the exact form which it takes will depend upon attrition, promo-
tions and rotation policies. Attrition in period t is modeled

by an L - component vector Yj; for each paygrade j and duty type k.
The /-th component yji is the fraction of personnel in the

(j,k,/)-th cell who remain in the Navy throughout period t. It is
then assumed that

PR _ t £,
(3) N (lljlklllm) ij[ . N (OIJIkIZIm)

is the percentage of the (j,k,Z,m)-th cell which remains in the
Navy throughout the t-th period.

Promotions are modeled in a similar fashion by L-component
vectors ng; and it is assumed that

t t :
Qg + N (1:3.k, Lm)

of the survivors in cell (j,k,/,m) are promoted. Thus this cell
contains

(4) N%(2;3,k, 4m) = (1-¢%3kf) * N%(1:3,k, /m)
personnel after promotions.

The promotion vectors are "adjusted" each period to
reflect changes in accessions, continuation or endstrength
requirements. This adjustment essentially consists of scaling
fixed input vectors ij of historical promotion probabilities.

The components of ij are historical promotion probabilities

averaged over past periods. Since there are definite requirements,
such as length in service and test passing, that must be satisfied
before an individual is eligible for promotion, not everyone in a
paygrade or LOS category can be promoted. The percentage of
individuals in each LOS who are eligible for promotion are
described by L-component vectors ejk in which the /-th component

‘jkﬂ is the fraction of the (j,k,/)-th cell which is eligible to
be promoted. Thus at each period t we must have

t o . 1
03k i Qik/ < €51 for all j,k,/ .
The explicit determination of ng proceeds as follows. First
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the available positions in paygrade j+1 are computed by the
equation

£ £ Lt t .t
“yp1 = mAx(0, By g = Sypq + Pyy T By

t

where Eg is the desired paygrade endstrength in period t, S. is

the total surviving inventory, P; is the total number of promotions

o+

out of paygrade j (P§ = 0), and A. is the total accessions to

paygrade j. Now let the vector 6.k be defined component-wise by

LSS

6jk[ = min(ejkﬁ ’ ‘jkﬂ) for each J, and set

D iy M
Pj = kl[ 8]k£ m N (lljlklﬁlm)O
We consider two cases:
Case 1. P. > a. .

In this case it is necessary to promote fewer people than the

"normal" promotion vectors Sjk specify. Therefore we define ng by

ng =an5jk , where w = a§+l/pj s

t

Case 2. B. K aj+l .

]

In this case we must promote more people than the normal

promotion vectors Sjk specify. We therefore define ng as a

weighted average of Sjk and ij:

(5) Q;.-'k = (1-a)edyy + wee 0<wc<l

ik

where w is determined so that the expression

t Qt Z Nt(l?jlkl,glm)

(6) a. -
Ll Sikg m

is minimized. Substituting (5) in (6), we find that this
expression is minimized when



all k

for
(7) @ at. - P
min{1, 1+1 Jt

otherwise.,

Hence we define ng by equations (5) and (7).

The rationale for modeling promotion behavior this way is to
attempt to capture persistent promotion characteristics of the
rating as they are reflected in the average historical promotions
and at the same time respond to changes in accessions, continuation
and endstrength requirements. There are clearly other ways to
adjust promotions to meet these requirements, and these alterations
could be developed if desired.

We shall now turn to the description of normal rotation.
There are six rotation types:

sea to shore

sea to neutral
shore to sea
shore to neutral
neutral to sea
neutral to shore.

It is convient to denote these rotation types by a 2-component
vector ¢ = P1, P, where

(8) 1<$, ¢, <3andd + ¢,

(e.qg. ¢ = 2,3 represents shore to neutral rotation). The rotation
pattern for each paygrade j and rotation type ¢ in period t is

defined an M-component vector p§¢, where the m—-th component is

the percentage of personnel following rotation type ¢ who are sent
to a tour length of m quarters. That is, for each LOS

t t .
/.Lj¢m . N (2;73, ¢r ,gr 1)

personnel are sent to duty-type ¢2 for a tour length of m quar-
ters. We have assumed that this percentage is independent of the
LOS category L. This allows the user to send individuals to tours
of varying length in order to obtain a more uniform personnel
distribution between sea, shore and neutral duty. The only
theoretical restrictions on these rotation vectors is that all
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individuals in cells (

j,k,f,l) must rotate to a new duty type,
i.e., for each a is 1 < k < 3

B )I:n: F§¢m = 1.
1

The input required to generate the period t+1 inventory from

£f¥

period t inventory is the set of vectors ng, ij, ‘jk and p§¢ for
all indices in the ranges defined by (1) and (8). If we define any
of these vectors to be zero if one of the indices does not satisfy

t+1

conditions (1) or (8), then N (O;j,k,ﬂﬂn) is given by

+1 . . \
(9) NFLo;9,x, Lm) = a3,k 4m) + Y259,k 0-1,m44)
t . t .
t ey N (2;3-1,%k,4-1,m+4)

4
t P o .
+ % p;l E5 ¢ mepN (2538, L-1,p)
$,=k

t t d
*+ @y ¢y N (1:3-1,¢, ,£-1,p)]

The process described in equation (9) represents personnel
flows subject to normal rotation. However, as remarked earlier,
there are ratings in which a significant portion of the inventory
does not rotate normally. Factors such as operational holds,
humanitarian considerations, and leave taken between tour
assignments cause changes in individual PRD's. In order to
account for this, early and late rotation behavior has been
modeled. The user has the option to consider early and late
rotation or not.

Late rotation for each paygrade j is modeled as a "shift" in
the period t inventory before projection to period t+l is begun.
Late rotation vectors 1§k of M components are specified so that the
m—-th component igkm is the percentage of the inventory who would
normally rotate in period t but are re-assigned to a new PRD of m
quarters instead. That is, for m>4, Nt(O;j,k,ﬂﬂn) is replaced by



t g t o 4 t :
N (0;jlklﬂlm) +1ka Z N (07Jlkr£rn) 7
n=1
and then Nt(0;j,k,4,m), for m = 1,2,3,4, is replaced by
t . t 0 3
(1= d3gn) * N (0:3,%, £,m)

The new values of Nt(O;j,k,j,m) obtained by this shift represent
the effect of late rotation,
Early rotation for each paygrade; is modeled by a 6-component
vector GS in which the n-th component OF n is the percentage of
i;ry' 2 ngi Nt(O;j,¢l,[ﬂn) that will rotate early to duty

type ¢2. We assume that the early rotating individuals are
distributed equally in cells (j,¢1,£,m) form=1,2,3,4.
Therefore each of these cells contains

the inven

Z Nt(07jl¢11£rm)

m>4

Ng(0: 3,y Lm) = 7 oy %

J

early rotators who will rotate to duty type ¢2. We must then
shift the normally rotating inventory by replacing

N®(0:9,) fim), for m>4, by (1=o5g) NT(033,y, Lim).

We assume that the early rotators N; (0;j,¢ﬁ,ﬂnm
(m=1,2,3,4) will be assigned to tour lengths determined by the
normal rotation vectors;iiﬁ, but since all of these people are

rotating to duty type ¢2, we apply to them a "normalized" normal
rotation pattern

~t 1 t
P = |l =5 )™

i \§ ut )

F.-

m

to determine the percentage who are sent to each tour length.
The inventory is decomposed into early rotating components

and a shifted portion (excluding early rotators) which is subject
to the normal rotation process; let SNt(0;3,k,£L,m) denote the

number of personnel in cell (j,k,[,m) of this portion of the
inventory. Then the transformation equation becomes

+ 3 . .
(9') Nt 10;5,k, Lim) = a%(3,x,4,m) + snt(2;9,k,f-1,m+4)
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& 'SNt(l;j-l,k,ﬁ—l,m+4)

Q-1
DY ﬁ% 5 (snt(2;5,¢. ,/-1,p)
¢ Pl Hi¢ mip AR el
R
+ Qj_l¢1 SN (l;J_ll¢lI£_llp)]
+ )é i N®(2;3, ¢, ,0-1,p)
o p=1 1P mp LT
¢ =k
2

+ th-:_l¢].- Nt(l;j"ll¢l I[—l’p)] O

The last summation vanishes if early rotation is not considered,
and (9') reduces to (9) if neither early or late rotation is
considered. Equation (9') can be summarized by the following
steps:

(1) shift inventory for late rotation

(ii) shift for early rotation, form early rotating
components

(iii) determine attrition

(iv) determine promotion

{(v) rotate

(vi) add accessions.

In ROTATIONMOD these steps are accomplished by the PROJECT
function, which does not use equation (9') directly. For each
paygrade the inventory cells are grouped into a 3 x L X M array;
then the computations can be done by simple APL operations on
arrays.

ACCURACY OF THE MODEL

The model has been tested on several ratings. The table
below shows the percent error between projections and historical
results from the enlisted master record (EMR). For each rating the
1977 inventory was projected from the actual 1976 inventory using
1976/1977 historical continuation, accessions, and rotation data
with 1977 endstrengths. Then the ratio of the number of
individuals in the projection who are in the wrong duty type
divided by the paygrade total was computed.
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Paygrades

Ratings 1,2,3 1 5 6 7 8 9
A0 0.0 0.8 0.2 0.9 4.7 4.8 -
MS 0.8 2.1 0.1 0.2 0.4 1.5 0.1
SeaBees 0.4 0.6 1.7 1.3 1.3 2.2 0.0

FIG. A-1l: PERCENT ERROR IN ONE YEAR PROJECTIONS

Most of the differences are approximately one percent with
the exception of the E-7's and E-8's of the AQ community (there are
not E-9's in the AQ rating) two very small groups. However, the
absolute differences in the projected sea/shore distribution for
and the actual distribution these two paygrades are 10 and 5
respectively.

APPLICATIONS OF THE MODEL

In this section we describe some ways in which the model can
be used; most of these have already been implemented in
ROTATIONMOD.

Let us fix j, k and two time periods t; < tp; further let
¢, @', be the pair of rotation types such that ¢'; = ¢y = k.
If A represents the total number of personnel who are scheduled to
rotate from duty type k in period t,-1, then any factor which
influences A also affects the size of duty type k in period tj.
Holding all other variables constant, A depends on how many
individuals are sent to duty type k in period tj. That is,

A= A¢+ A,, + (other terms),

t
where A¢= ACP(Pjé)) is the number of individuals in paygrade; who

rotated from duty type @7 in period tj, and at tp-1 have a
PRD < 4. Let Ag (m) be the value of Agif all these
individuals were sent to a tour length of m quarters. Then if

£
Fj =(rl F oo 0o g rﬂ)
the linearity in (9') implies
M
(10) A¢ = 2: rmA¢(m).

m=1



The user may solve this equation for values of rj which will
produce a desired value of Ag i the only restriction being that

0 < ryp £ 1. For instance, if a projection with a given rotation
pattern yields too many people in duty type k at period tj, the
user could determine values for rp in (10) which would increase
A¢. The program COMPTR computes the coefficients A¢(m) and
Agt(m) (1 <m< M),

The other terms in A come from promotions into paygrade j in
time periods between t; and ty~1l. 1If these predominate, then
adjustments in (10) may have little effect on duty type distribu-
tions.

If we let Nt be the vector whose components are
Nt(O;j,k,K,m), for all j,k,ﬁ,m, ordered in some fixed way, and
At a vector with components At(j,k,ﬂ,m), then equation (9') can
be expressed more compactly by

(11) Nt+l = ®t(Nt) + At,

where @t is an operator which has the decomposition

®t=Rt'Pt'Ct

and Ct represents attrition, Pt represents promotions and Rt
the operation of rotation. Clearly Rt and ct are linear
ogerators, while Pt is not since it depends on the magnitude of
Nt. Let nt be the sum of the components of Nt and let at

be the sum of the components of A%, Then if we define

t+1 t
et = il -a
t
n
we can write
(11') nt*l - gt . at 4+ at .

Thus @t is the percent of the period t total inventory who remain
in the Navy throughout period t. 1If the sequence of accessions
{at} is changed, then (11') will give estimates of the resulting
total inventory; these will not be exact because the overall
continuation rates % are dependent on inventory size. Suppose
that we have constant total accessions a, then (11') gives

. t t :
8* + a(1+> (I aghHY) .
1 j=2 i=j

rt
o
et o

j
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If we want to determine a so that the inventory at period t is a
given size n, then the above equation implies

n - n° IT 9i
_ i=1
(12) a = T T : .
1+ 1 6
=1 i3

A new projection based on total accessions a will produce a new
total inventory sequence ni; and the process can be repeated

with the new values of at determined by nf if ni—n is not
sufficiently small. The function COMPTA is based on equation (12)
and is intended to be applied iteratively.

As a final application consider the steady-state case

(13) N = @N+A.

Suppose that @ and A are given., Then it is easy to see that (13)
has a solution N and that N is unique up to a scalar multiple, for
ifm> o0,

N=0"N +8" 'a +...+®a + a.

But ®mN = 0 if m > L; so in particular
A E
N=(5 @hHa.
i=0

As a consequence we see that for the steady-state inventory N,
ratios between paygrade endstrengths and ratios between duty types
are completely determined by @ and A. Thus the steady~-state
inventory is very strongly structured; in particular if a specific
level of sea manning is desired, then the corresponding size of the
shore component is determined by these ratios.

For practical purposes the steady-state inventory can be
determined inductively from equation (9'). That is, clearly

N(ijlkrlrm) = A(j,k,ﬁ,m), for all j,k,m.
Now suppose that all N(0;j,k, Z,m) have been determined for [/ < 7',
then the quantities N(0;3j,k,/',m) can be obtained by solving

equation (9'). A computer program to do this could be written
without much difficulty.
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APPENDIX B

PROGRAM LISTING AND FLOW CHARTS

This section contains a listing of all programs (including
calling functions) in ROTATIONMOD. Most of these programs are
short and are not as compactly written as they could be. Conse-
quently, they should not be difficult to decipher. Therefore, flow
diagrams accompany only those programs which are relatively long or
have a fairly complicated logical structure.

User-oriented functions are listed first in alphabetical
order. Then the system functions are listed, also alphabetically.
When a function consists of several modules stored in the MOD file,
the listing begins with the calling function and then each module
is listed, the order being determined by the MOD file component in
which it is stored.
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v ADJPROB T
£113 OFxX\AC241'Mop!
21 ADNJFROEBE T
£31 OEX'ADJFROEBER '
v

¥OAILFROBE TR ALIPFROBFROMS aVA TLELOTS ACOESHETONS$ A 5
CHCONTIMUATIONS TNVENTORY S FOLIM PFROMOTTONG
FROMSBUMSTT
TTeCOPFALET -1 1 0PACL DY+ CL-DF Al Ly n Y
O CHECKOLHOPL Y« TT
A CLH=0Y /0

a5

ATTRITION OFLe K TT

REALTLE OFLy SR TT
READFTLE OPLe 29K TTH
AVATLELOTEC O POLIM- C+ /4 74 A TNVEMTORY 344 /4 747
A ONE
ACTESSTONS« TNVENTORY+ O
L3R,
ATTRITION OPL K TT
FZ' F:' i.'."
FEROMEUMS 25 A A TNVENTORY R CB s b v By p (B vl o
ANIFROBPROMIT STy DI M o Lo p ADUPRDBPEDMID 8 Ty o 01 I

Mol 2 p ATLIPROABPROMIZS ]

OTEQUPGLIMAPROMBUM- (47474 7 TMVENTORY Y 44+ 74 7
TG
WRITEFITLE OFLe LG K TT
FLONGE TNVENTORY «FROMOTTONS« 0

SRR

ACOFATL F= 1 3 ABRTP

L OHECKOLIADP Ly TT

Q)

SRIFICOPL OIFTLEALT TT
7




‘ START )

ADJUST
AS
DETERMINED
BY OP4

-

A 4

CALL CHECK

'

DETERMINE 4
FILE DATA
ALTERED

;

RETURN

DATA ALTERED
7

ATTRITION FOR
PAYGRADE K

:

READ LIMITS
AND ACCESSIONS
TO PAYGRADE K

}

d

DO FOR EACH
PAYGRADE K < K'

e

STORE ADJUSTED
PROBABILITIES
IN FILE

!

ATTRITION

}

CALL FFF

.

COMPUTE
ADJUSTED PROMOTION
PORBABILITIES

}

RETURN

'

COMPUTE PROMOTIONS
OUT OF PAYGRADE

)

END LOOP Z

'

CALL CHECK

l

AUGMENT
CHECK
VECTOR

l

ERROR
MESSAGE

)

READ LIMITS
AND ACCESSIONS
TO PAYGRADE

COMPUTE
AVAILABLE POSITIONS
IN PAYGRADE K

’

COMPUTE
AVAILABLE POSITIONS
IN PAYGRADE
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¢ OCHANGE X3a3DTIiBRIZ
A ACLES 26 "BILLETS P Y ERATIE
LIMITS FROMOTION PROBARILITIES
FLIGIBLE FRORARILITIES CONTINUATION
EARLY ROTATION NORMA&L, ROTATION
LATE ROTATION ACCESSTONS
ADJUSTED PROBABILITIES INVENTORY
SUMMARY FROMOTIONS
SURVIVING INVENTORY
FPREPARED INVENTORY '
1 DT+t
T LOOP I Q&= Oy (26-p X0 et =@ lDT 1) AU
1 DTeNTHI
1 SR EY Z1L00F
WM S{NT:16) 7/ERR
QUT2TSPECTFY DATA COMPARTMENT(O OR 137
AR
CIFXHEZ?E0TD MOD!
CHANGEE 2

210
AT ERR: 'INCORREDT DATA TYPE!
%

Vv CHANGEE XsA3BRITIYJIPGLIMITM
L1l HEADER 5
[21 4 (BR=1)/END
£33 'ENTER & VECTOR ALTERNATING'®
L4l "FAYGRADES AND NEW PAYGRADE LIMITS!
L35 fAell
L&l Jel
£73 LOOP1:Ie¢d
L8] LOOF2IREADFILE Xs»2yAL(2XI)~110,TMLCJD
Lol FOLIMeALZXT]
C101  WRITEFILE X»2»AL(2x1)-11yTMLJ]
111 2 ((pA)+2):1¢14+1)/L00RP2
L1231 (XyO)FILEALT TMLCJI
C131 =+ (TMLJ320)/CONT
£143 (X»O)FILEALT TMLJI-1
L1353 CONTSJeJ+1
L1631 - (JseTMY/LOORL
L1717 END?-O
v



£13

£21
£31]
£47
£5
L&
L7
re3
£e7

¢

CHANGEE XiA§ESDIUS 15 CONTINUATION;VSZ
LOOF1! 'ENTER AS A NUMERIC VECTOR! PAYGRALE,TIME
FERIOD"

ze [
LOOF2 {HEADER 2

» (BR=1) /END

READFILE XyS5yZL11yZL27

'ENTER CHANGES IN CONTINUATION AS A NUMERIC
VECTOR WHOSE COMFONENTS'

'ARE ALTERNATLY LOS AND NEW LOS VALUE'

!

Ied

L1071 LOOFIICONTINUATIONLVL(2XxI)~135DUI«VE2xT]

C113
L1231

131

L1413
L1531
L1631
L1713
[181

L191]
L2021
L2137

APV R23 2 T¢I41) /LO0OR3

WRITEFILE X»S5yZL013»2ZL2]

(X IFILEALT 2021

‘DO YOU WANT TO CHANGE CONTINUATION IN ANOTHER®
Oe'DUTY TYFPE? !

2 (3xpBel1I0) /CONT

2 (J=d /B YES Y /LOOR2
CONT:'DO YOU WANT TO CHANGE CONTINUATION IN
ANOTHER'

e 'FAYGRADE OR TIME FERIOD?

3 (3xp RGN /0

3 (3=+/B="'YES ' )/LOOF1

L2271 ENDI-O

v
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S
&
N

)

CHAaNGEE X3APRIEROTIIIVZ
fAto Lée ' HEA TO SHORE

SEA SHORE TO NEUTRALNEUTRAL TD SEA
T SHORE!

FERIODR!

241

READFTLE Xedv 20112020

Te0

CENTER CHANGES IN EARLY ROTATION IF NO
TYPE =0
LOOFSM+ALT T +05 00 3
ERRIVe1840

S(Qumd g TS0 I SBTER

A0 {pyal =] 3 AODONT

CINDORRECT ENTRY TRY AGATN!

B RR
CONTIEROTEY J¢ a2V
SGTER I (&1 2 AL0O0F

WRITEFILE XedoZEL12y2Z021

(KXo L3P ILESLY 2021

HDOYOU WANT TO CHANGE NORMAL ROTATION
ANDTHER

fe ' FAYGRADRE QR TIME PFERIOD?

SR p BE25LM /0

o

ENIDG 20
(&1 /L00F
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L1

o

Ao

CHANGEER X3B3ITIVIRTINROTZ
LOOFLITENTER AS A NUMERIC VECTOR! FAYGRADE » TIME
FERIOD!

241

HEADER 7

S (BR=1)/7END

READFILE Xy 720112021

ENTER CHANGES IN NORMAL ROTATION A5 A NUMERIC
ECTOR WHOSE COMPONENTS !

"ARE ALTERNATLY TOUR LENGTH AND NEW TOUR LENGTH
Val.UE!

U]

Ted
LOOFIINROTERT SV (2X T -1 3060 2x 1

AOCCpP V20 2 Te 410 ALD0DP2

WRITEF Xy 7y 20112020

(Xe LFILEALT ZL2]

CDDOYOU WANT TO CHANGE NORMAL ROTATION IN

e PAYGRADE OR TIME FERIDD?
S C3we Be250) /0

B CRmb e VYRS 3 ALO0PT
ENIN: QO
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VOUHANGEE X3AsBsDUS IFLROTIVS Z
LT LOODPLITENTER A8 & NUMERIC VECTOR: FAYGRADE Y TIME
FERIOD!
! AN
P LOOF2THEADER 2
g S{RR=1/END
!
I

READFILE Xe8yZ011» 2021

'ENTER CHANGES IN LATE ROTATION A8 & NUMERLD
VECTOR WHOSE COMPONENTS'
L71 CARE ALTERNATLY TOUR LENGTH AND NEW TOUR LENGTH
VAL UE

Y[l

Ted
LODPESLRDTEDUVE (2RI =1 116 M0 2% 1]
SOCCPY I+ e e+ L ) Z/LOORS

WRITEFILE Xy8e 20102020

(K IIFILEALT 2027

IO YOU WANT TO CHANGE LATE ROTATION IN ANOTHER'
e DUTY TYPE?

3 (Fwb R YES ) ALODER
TONTE DD YO WANT TO CHANGE LATE ROTATION IN
ANDTHE R !

-

TIME FPERIDD? !

w3



147
Fas
L
127
r1e
f1el
r201
2t
(fedel
roRy
!
f
l

D240

1

v

. X3MPACCESSIONSSDUS I SPGB TM RS CI G E

BR=1) ZEND

STON CHANGES CAN BE MADE BY SCALING THE
NRENT
PACCESSTIONS ARRAY Y OR BY REFLACING A DUTY TYPE
MATRIX WITH A NEW ONE!
PENTER CHANGE IN ACCESSTONS(POSITIVE OR NEGATIVE)
OR 'Sl 'x'sds ' ACCESSIONS MATRIX!
Aell
Je
LOOFLITel
LOOPZ2IREADFTLE Xe9 o FGLIDyTMEJT
S (CppAd=2) /MATRIX
ACTESSTONS ¢ (Zyla e M) P BNINEX A4 /FE€ (D600 /06 (Bey
ACTESSTONS=O) /7y ACCESSTONS
ONT
MATRIX IHEANER 2
S (RR=1)Y /7FNN
ACCEFSSTONSTIG § 140
CONTIWRTITEFTLE Yo @e BTy TMED
ACCESSTNNG O
TeT49
S CT e B Y 21 PINED
(Yo OYETEEALT TME 1T
(Xl YFTEALT THMILIT
BENE S
A e TMY AL DN

267 ENDE S0



CCOMPTALOIV
v COMPTA
[1 DFXHELS1 1 'M0D?
rael COMPTAA
31 DEX'COMPTAA
v

9 COMPTﬁﬁ?ﬁ?ﬁCCESSIONS?I?INUENTORY§0P5§SUMMﬁHY$U§X$
CH
1 "ENTER DESTRED INVENTORY SIZE
! Xeld
1 'ENTER TIME PERIOD AT WHICH DESIRED INVENTORY I8
TO BE ATTATNED®
Ko ell
FCCKER2AH DY = p OHERID CLAOP Y X241 FILEZ ) FEXTTY
EASEE VASGINNES BES BEISINcESBE TN VLS S R
OFS¢lyis
e
T
LOOFPLI0OFS BGROUP OFle12yl el
=0 LAR
INVENTORY «SUMMARYL2]
AESUMMARY LS
LABIUeUy (BUMMARY L7 -8 )+ BUMMARY L2
T T4+1
SCLAXE2T-1 7100
ACCESSTONS € (XTL I~ TNVENTORY XX /U Y =144/ X\l 41
"ESTIMATED ASSESSIONS PER PERIOD FOR PERIODS O
THROUGH *sXI20-135° !
AGCESSTONS
= ()
EXTTLIIVIN DRDER TO USE COMPTA THE INVENTORY MUST®
CBEOFROJECTED TO AT LEAST FERIOD ' 3X027
30
C250 EXTT20VINPUT DATS AFFECTING THIS COMPUTATION HAS
RBEEM'
(LN PALTERED SINCE LAST PROJECTION!
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v COMFTR
L1 CF X850 MO0
£21 COMPTRR
31 OEX' COMPTRR!

v COMPTRR;ﬁ;B;BR;C;HiINUENTORY;T?AHJPROBPROM;

CONTINUhTION3E;EROT;I6J;LROT;F?UiK;DU;BB;G;NROT

L1131 ‘FOR A FAYGRADE GROUF (DEFINED RY OFS) AND DUTY
TYFEy

£21 'COMFTR DESCRIBES THE EFFECT OF CHANGES IN
NORMAL ROTATION'

L3] ‘AT A FERIOD T1 ON THE TOTAL FERSONNEL IN THE
DUTY TYFE AT A

£41 'SUBSEQUENT FERIOD T2:14T1°

LS '"ENTER FAYGRADE GROUP®

] Cell

£73 HEADER 2

L8l DeC(3eD)er 33/ 3

[e] '"ENTER FERIOD T1°

L10] T¢DO

L113 ‘'ENTER FERIOD T2

C123 Ce«Cr0-1

£13] BECB(3+1M~2)yL11(2,8~2)p0

L1431 U«OFS

L1513 KeULC(2xCL131)-11

£16] LOOFIOFPSeKsK

L1713 (62,1 OXN\LI+(62p0 DNWLIGROUF OF191Sy1sT

C181 E«INVENTORYL331+2+394]

L1191 INVENTORY&O

L2201 Ie(4xCL21-T)~3x1<CC27~T

L2103 LOOPLF«(2yLsM)PO

C221 Friii(I-3):(I~2);(1—1)»IJ«(”i@EQJE)ED[iJ;?J

L2337 FEQi;(I—3);(I—Q)p(I—l);IJ«(“lWEQJE)EDEQJ;3]

£C241 Ui

C251 LOOF2IREADFILE OF1,10sKsT+J

L2631 F@FX1~(29Lrﬁ)P(ﬁ(ﬁrL)PﬁﬂJPROBPROMEDUiJ)!ElJN(MyL)
PADJFROBFROMLCIIUG

L2731 READFILE OF1s5sKyT4+J

L2821 F«Fx(zyL;M)p(&(M,L)rCONTINUhTIONE;DUJ)yEIJh(M;L)p
CONTINUATIONLC DU

L291 (0OFP3=0)/LATE

£30] READFILE OF1s6yKyT+J .

L3113 FE1$;4+\M~4J«FE1$$4+tM—4Jx1~EROTEDUJ+EROTEDUJ
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32
33
L34
L35
36
371
L36

-#w«&-o—"««-&-b

I‘. (‘.-7 f.{l w
L&7

&8
&9

i

701
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OF2 = T0PR
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CTOUR LENGTH R GQCRTCR R 351 N IR B+ B

ALOELI8I8 Y TO "salDUSIs "3 (v O e BBIZS -3 3 '
FO3p Oy BRT2§ -2
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TYPE VECTOR R OIN PERIOD '5Ts' I8!
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START 1

DETERMINE NUMBER
REMAINING AFTER
PROMOTION

ENTER: PAYGRADE, DUTY TYPE
INITIAL TIME PERIOD T1, FINAL
TIME PERIOD T2

l YES ELIMINATE
EARLY ROTATORS

CALL GROUP

l -

COMPUTE PREPARED
PAYGRADE INVENTORY

Ly YEs_ | READJUST TOUR
FOR PERIOD T LENGTHS FOR LATE
ROTATION
y ND
RETURN

ROTATE PERSONNEL
TO DUTY TYPE AND
INCREASE LOS
BY ONE

¢ ) e {

DO LOOP1 FOR
TOUR LENGTHS
4(T2-T1)-3 THROUGH

3+4(T2-T1) PRINT TOTAL PERSONNEL
WHO ROTATED TO
DUTY TYPE IN PERIOD
T1AND WILL ROTATE
FROM THE DUTY TYPE
DO LOOP2 IN PERIOD T2-1

FOR PERIODS
T1 THROUGH T2-1

} (oo O

DETERMINE NUMBER
OF ROTATED PERSONNEL
REMAINING AFTER
ATTRITION

 J > END LOOP 2 Z
'
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L2324
L2511
L2461
L271

L2281

A

V FILFAIDTIIFKIJILIMIOF
SPECIFY DATA COMPARTMENT (O OR 1)
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A (KE2XI) /LFR
SENII
LYIKe1
LFZSOHEKE ST FILER"
KeKt1
S (KE2XIXEDY /L3
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£3470 L1237y B0 e OOBLLHLI T FILES!
L3517 =END
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L3811 KeK+tl
L3931 H(Ki2xL)/LFS
L4010  =END
L4177 L&y 6yK)p00BEBHI]"FILEL!
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L4373 L10IKel
L4470 LF&I((3ylyBD e OYBIKH (L+2)XOFI'FILES'
L4851 KeRK+1
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471 QOYBCIHIH(24L XOF] ' FILES!
481 (»OBL2+I+(2+F)XOF]'FILES!
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C21

£33
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N
L7
81
£21
riold
111
L1231
131
0141
£151

Z¢«0F1
Ae1S 26 'BILLETS FAYGRADE
LIMITS FROMOTION PRORARILITIES
ELTIGIRLE FROBARILITIES CONTINUATION

EARLY ROTATION NORMAL ROTATION

LATE ROTATION ACCESSIONS
FROMOTIONS INVENTORY
SUMMARY ALJUSTED

FROBARILITIES SURVIVING INVENTORY
FREFARED INVENTORY '
[T«
LOOF 3 (26=4/(Xy (26-pXde ' ')=ALDT$13/0UT
DTenT+1
S (NT15)/7L00F
S(NT:16) /ERR
QUT L SPECIFY DATA COMPARTMENT (O OR 1)
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OFXHES4HDTI " MOD!
FRINTT
OEX'PRINTT!
SEXIT
ERR: 'INCORRECT DATA TYFE'
EXITIOFleZ

v
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23
33
4l
[
£é61
271
rel

"

L1001
r113
£1213
131

141
2151
161
£171
£i181
v

FRINTTSESRILTSII3JEPGITHM
HEATER 4

4 (BR=1)/END

HEADER 5
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Iel
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FGLIIyTMLJID
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BLJ3 J¢RILTS

Jed+l

S(JspTMI /LR

"RILLEY REQUIREMENTS FOR FPAYGRADE GROUF = '$2 Ov
FGLID
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S (IsefPG)/LFL
ENDI-O
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31 HEADER &
(41 2 (BR=1)/7END
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£8)  LRP2TCCC2xLI el N WD H2XxLIP0 1IN\ WLIGROUF OF1y2y
FGLIdy TMLJD
£931 2(I>(p0FS)F2)/0
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v
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C13 HEADER 3
L21 4 (BR=1)/END
3] BEGIN!HEADER 2
£41 S ((BR=2)VRR=1)/END
£S53 Be(lryrFG)ePO
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£71 LPIREADFILE OF1+341+0
L8l BL3 I0eFROBFROMEDUS I
21 TeIt+i
L1031 2 (IseFPGI/LF
£113 'FROMOTION FPROBABILITIES FOR DUTY-TYFES'yALDU} ]
L1231 (2,0)FRIN B
£1331 0«'D0 YOU WANT TO FRINT ANOTHER DUTY TYPE?
0141 2 (3=pRe4010) /END
£135) 2 (3=+/B='YES')/BEGIN
161 ENDI-0O
v
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£S3 RBe(lypeFGIrQ
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131 De'D0 YOU WANT TO PRINT ANOTHER DUTY TYPE?T
F147 2 (3xpRe40LM) /END
C15) 4 (3=4/B='YES')/REGIN
161 ENDI-O
v
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11 HEADER X
L2 S (BR=1)/END
£31 HEADER &
C4] S (BR=1) /7END
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C71  DUTYIHEABER 2
L8l SCC(BR=2)VER=1) /END
£91 LP1IRBe(lLyeFPGYeO

L1001 Iet
L113 LFP2IREADFILE OF1ySyPGLII»TMEJI

C12]  BLITIICONTINUATIONC:DIUD
L1310 T¢I+
£14] - (IgeFPGI/LF2
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L1631 'DUTY-TYFE!'»ALDUS D
£171 (2y0)FRIN B
£181 COUNTECOUNT+1
C191 KeRK+4DUXCOUNT=1
£201 "IN YOU WANT TO FRINT ANOTHER DUTY TYPE BEFORE
FROCCEDING'
L2107 Be'TO THE NEXT TIME FERIOD? °*
L2201 9 (3=pRe2EIM /CONT
L2371 2 (3=+/R="'YES')/DUTY
C247 CONTIDUeR
L2531 Jedtd
C261  A(JspTMY/ZLPY
L2713 ENDISO
©
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v FRINTTSBIEROTHIISJIIPGITM
1] HEADER 3
£21 4 (BR=1)/END
33 HEADER S
41l 4 (BR=1)/END

[£S1 Jed
61 LPL1IBe((pFGYs&)PO
L71 I¢1

£81 LP2IREADFILE OF1y6»FPGLII»TMLJ]
re1 BRLI#I¢EROT

£101 T¢I+l
£111  2(IzePG)/LF2
£121  'EARLY ROTATION IN FERIOD = '»2 OvyTMLJI]

£131 (4»2)FRIN B
£143  Jedtl
L1583 2 (J2eTHI/LFI
C161 ENDI-O

v

v FRINTT#I3JiNROTIPGSTM
1] HEADER 3
£21 2 (BR=1)/END
L33 HEADER &
41 4 (BR=1)/END
£51 Jed
Cé61 LF1MI€]
£71 LF2IREADFILE OF1+7»FGLID»TMLI]

L8l "NORMAL. ROTATION FOR FAYGRADE FG = '»(2 OvPGLII)y
"IN FPERIOD TM = '»2 OvTMLJ]

£Lel (4, 0)FRINSNROT

L1101 I¢I+1

L1111 A(IgePGI/LF2
L1231  Jed+1
£131  2(¢Js5e TMI/LFL
L1473 ENDI-0O

v
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¢ FRINTT#I+J/LROTSPGSTM
11 HEATER 32
£21 S (BR=1) /ZEND
31 HEATER 5
41 Y (BR=1)/7END
£51 Jed
L6 LF1tIed
L73  LP2IREADFILE OF1,8yFGLII»TMLJ]
el "LATE ROTATION FOR PAYGRADE FG = 'y (2 OeFGLID)Y,!
IN PERIOD TM = '»2 O¢TMLJI
123 (4 1IFRINSRLROT
£101  TelIdd
C113 2 (IzePGY/LF2
C123  Jed+d
L1373 »¢dseTMY/LPY
C141 ENDI-O
7

v FRINTT}AIACCESSTIONSSBSCICOUNT I DUSHS T3 JsKIPGHTH
L HEADER 4
21 S (BR=1)/END
£33 HEADER 5
L4l S (BR=1)/END
L8 HEADER &
&3 9 (BR=1)/END
£71 S(H=1 0)/Q1,Q2
C81 QlLIHEADER 2
21 S ((BR=2)VvRR=1)/END
£101 Q2iI«1
L1107 LPLIBe(3s (pTMI» 3300
L1231 Jed
£131 LP2I0OF6 GROUF OF1,9FGLIZyTMLJD
L1410 2 (H=0)/Q3
151 KeCOUNT«O
£161  'ACCESSIONS INTO PAYGRADE GROUF = 'y2 OvFGLII
£171 "IN FPERIOD = '»2 OvTMLJI]
L1831 'O 3'OFPS='50FP5S: ')
£193 ('3 '0P6="'30F65 )"
L2001 DUTYI(3y0)FRIN ACCESSTIONSLIDUS ]
C211 COUNTeCOUNT+H1
L2221 KeR+HDUXCOUNT=1
L2331 'DIO YOU WANT TO FRINT ANOTHER DUTY TYFE RBEFORE
FROCEEDING'
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€241
L2513
C261
L2737
L2817
L2931
£301
311
£321
£331
{341
L3517
(361
L3721
381

£321
£401]
£411
£4a21]
431

441
L4511
L4l
£a471
L4813

Oe'TO THE NEXT PAYGRADE/TIME PERIOD?

2 (3=2pRe341M) /CONT
(32 +/B=YES ' ) /CONT
HEADER 2

S ((BR=2)VEBR=1)/END
ADUTY
CONTIACCESSIONS«0
JIGRL N

Je g+l

(I3 e TMI/LP2

I¢I+1

2 (IseFG)/LFL

+0

Q3B J310¢4+/4/ACCESSIONSL 319293441

B3 J3 206 (+/4/ACCESSIONS) ~4/4/ACCESSTONSL 3 519253y

41

BL3J33]e+/7+/7ACCESSTONS

ACCESSIONS«0
Jed+d
A (Jse TMI/LF2

'TOTAL ACCESSIONS INTO FAYGRADE GROUF

I3

YOS TOPS=50PSE ) !
(G»1)FPRIN R

B0

I¢I+1

2 (LIspFGY/LLFY

L4911 END!20O

v
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9 FRINTT+AIFROMOTIONSSBICsCOUNTIDUSHII+ JIKIPGITM

£1l HEADER 4

£23) 2 (RR=1)/END

€31 HEADER 5

£a3] 2 (BR=1)/END

£%] HEADER &

L6l 2 (BR=1)/END

€73 4 (H=1 0)/Q1,0Q2

£8) QLIHEADER 2

Lol 2 ((BR=2)VER=1)/END

€101 Q231¢1

C11] LPLSEBe(3y(pTM)»3)pP0
0127 Jed

i3] LF2i0FP6 GROUF OF1,10FGLII»TMLU]

£141 (H=0)/Q3

£15) K¢COUNT+«O

£163 'PROMOTIONS INTO PAYGRADE GROUP = 'y2 OeFGLI]
C172 ‘IN FERIOD = ‘'y2 OvTMLJ]

C183 ' (C'5'0PS="'30PSs ')

Ci9) '3 '0OFP&6="i0F6&3 ')

C203 TUTYS$(3»0)FPRIN PROMOTIONSCDUS ]

£211 COUNT«COUNT+1

[221 KeK+4DUXCOUNT=1

L2373 ‘IO YOU WANT TO FRINT ANOTHER DUTY TYFE RBEFORE
! PROCEENING'
- £241 [e'TO THE NEXT PAYGRADE/TIME PERIOD? °
£233 2(3=pRe3440) /CONT
L2613 A(32+/B='YES')/CONT
L2711 HEALER 2
[283 4 ((BR=2)VER=1)/END

C293 -DUTY

£303 CONTIFROMOTIONS«Q
£313 DU+K

£323 JeJd+1

€333 (J3eTMI/LF2
L343 I€1+41

L3853 " 3(IssFGI/LFLT
£363 -0

[373 Q3IBLiJ#13¢+/4+/PROMOTIONSL $192+3547

[381 BL3J322¢(4+/+/FROMOTIONS)—+/4/FROMOTIONSC 51,2 3»
Al

C391 EBLiJiI3Te+/4/FPROMOTIONS
£A01 FPROMOTIONS«O
L4131 Jedtl
CA2] (JzeTHI/LF2
£A33  'TOTAL PROMOTIONS INTO FAYGRADE GROUF = '»2 OvPGL
11
C443 '('7'OFS="'30FSs ')
451 (5»1)PRIN B
L4661 E¢«O
CA7] 1¢I+1
C481 (IzePG)/LP1
[A93 END{-0
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£23
£33
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£&1
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£81
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£113
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£161]
L1731
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L1291
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211
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L2713
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341
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361
371
£r3sl
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C441
L4511
La46]
£a7z1
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£491
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HEADER 4
2 (BR=1) /END
HEADER 5
4 (BR=1)/END
HEADER &
2 (BR=1)/END
S(H=1 0}/Q1,0Q2
Q1IHEADER 2
S ((BR=2)VER=1)/END

Q23I¢1
LFLIBC(3y (pTM) 23300
Jel
LF2:10F6 GROUF OF1y11»FGLID»TMLJ]
4 (H=0)/Q3
ReCOUNT«O
"INVENTORY FOR FAYGRADE GROUF = '»2 OePGLI
"IN FERIOD = '»2 OvTMLJI

PP OPS= 3 0RS )

PO OFG="0F6 )
DUTY (32 0XFRIN INVENTORYLDUG 30
COUNT«COUNT+1

KeR+DUXCOUNT =1,

‘D0 YOU WANT TO FRINT ANOTHER IUTY TYFE BEFORE
FROCEENING

fe'TO THE NEXT FAYGRADE/TIME FERIQDT
S(3=pRe3410) /CONT

3 (3xt+/RB="'YES' ) /CONT

HEADER 2

S ((BR=2)vEBR=1)/END

SDUTY
CONTIINVENTORY«O0

LueR

Jedtid

A (JaeTH) /LF2

I¢I+1
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A Jie TMI/LF2

'TOTAL INVENTORY FOR FAYGRADE GROUFP = '»2 OeFGLI]
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ENDI$-0
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£13 HEADER 5
£21 S (BR=1) /7END
31 Jel
L4 LF1SBe(Zy(pQOF5)+2)p0
[&1 Iel
L6 LF2I0FE GROUF OF1y12y3»TMED
71 BL3 I1eSUMMARY
£el FTel+1
21 (LR OFSY 2 /ZLP2
L1012 18
L1133 OPS="50P53 ')
L1231 (6»0)FPRIN B
L1331 Jeo+d
£140  2CJieTMI /LB
L1350 ENDI-O
v

v PRINTTSAIBI I3 JiKsADJPROBPROMS DUSFGS TM
£12 HEADER 3
21 S (BR=1)/END
£33 HEADER %
41 S (BR=1)/END
53 Jed
61 ReCOUNT«0
C73  DUTYIHEADER 2
el F((BR=2)VBR=1)/END
£91  LPLIEBe Ly ePG)YeO
L1101 Tei
L1101 LP2YREADFILE OF1»10yFGLII» TME U]
L1231 BCAIDeADJFROBFROMODUS I
L1331 ITel+i
L1401 a3 (IspPGY/LPDR
L1531 'ADJUSTED PROMOTION FROBABILITIES FOR DUTY-TYRE?
yALDUS T
161 "IN FERIOD =',2 OvyTMLJ]
L1731 (2y0)PRIN E
181 COUNT¢COUNTH1
L1931  KeK+DUXCOUNT=1,
L2013 '"DIO YOU WANT TO FRINT ANOTHER DUTY TYFE BEFORE
FROCEEDING®
L2103 De'TO THE NEXT TIME FERIOD? °
L2231 2(32pBe254M) /CONT
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L2410 CONTIDUeK
L2591 Jedtt
L2631 (JzeTM)/LPL
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v
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HEADER 4

2+ (BR=1)/END

HEADER 5
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HEADER &
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4(H=1 0)/Q1,0Q2
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2((BR=2)VRBR=1)/END
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Jel
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ReCOUNT+O

'SURVIVING INVENTORY FOR FAYGRADE GROUF = '»2 Oy
PGLI]
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'('F'OF6="30F6 )
DUTY$(ZH»0)PRIN INVENTORYLIUS #3
COUNT«COUNT+1

KeRK4+DUXCOUNT=1

‘DO YOU WANT TO FRINT ANOTHER DUTY TYFPE BEFORE
FROCEEDING®

Be'TO THE NEXT PAYGRADE/TIME PERIOCD?T ¢
F(3=2pBe3440) /CONT

S (3x+/B='YES' ) /CONT

HEADER 2

S((BR=2)VER=1)/END

2DUTY
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HEALER 5

2 (BR=1)/END
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I¢I+1
3(I5ePGY/LFPL
40

QIIRLFIF1D6H/4/INVENTORYLS 51929347

B3 J323€ (+/74/INVENTORY ) ~4/4/INVENTORYL$ #1122+ 3541
BL3Ji30¢+/+/INVENTORY

INVENTORY«O

Jed+1

A(Jse THI /ZLF2

‘TOTAL FREFARED INVENTORY FOR FAYGRADE GROUFP = °
2 OYFGLI

YCPTOPS="50FP5E )

(S+1)FRIN B

BeO

Ieltl

A(IieFG)/LF1

END¢20
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£171
£231
£33

vPROJECTLOIY
v FROJECT T
FXEL3?N MoDn!
FROJECTT T
OEX'PROJECTT!
v

v PFROJECTT TIACCESSIONSIALIAIAZIA4IATIALIELIBRTRIS

L1l
K21
£33
ral
52
L6
£73
.81
Lel
(101
£111d
£121
£131
141
£151
£1é1]
171
£i181l
£19d
201
£211
C221
£z231
L2247
[£251
L2261

271

£2el

RA3 RS B6CHICONTINUATIONFHOLD S HOL D41 s HOLDAR
HOLDS13HOLDS25 13 INVENTORY S JiKSNTIN2INIINAINROT
FGLIM PROMSUM: SUMMARY S TT

TT«(x/0F4)+Tx1-0F4L11]

SC(OFALLd=1)/8START

0 CHECK(340F1)»TT

4 (CH=0)/0
START ! 'PROJECTION BEGINNING'
Kek

LF13SUMMARY+Ky &P O

READFILE OF1»11sK»TT-1-0F4L1]
SUMMARYL21¢+4/4/+/INVENTORY

INVENTORY«O

ATTRITION OF1sK»TT-1
SUMMARYL31¢+/4/+/INVENTORY

INVENTORY«O

FREFINV OF1sRKyTT-1

SUMMARYLA41¢FROMSUM
INVENTORY¢ 41" 1L 21 INVENTORY

REALDFILE OF1s7yK»TT~1

JEO
LF23ALENROTEL 3+ (1= +Jx+/NROTLL DH+1ETLO0
ARENROTER25 0+ (1= +Jx+/NROTE23 DI +1ET10
AZENROTEZ+ 2+ (1~ 4+Jx+/NROTEI D HIETLO
AAENROTLAS 3+ (1~ +IX4+/NROTEAS D +HIETLO
ASENROTES S 1+ ((1-)+Jx+/NROTLS3 I)+1E710
AGENROTEG5 1+ ( (1~ +JXx+/NROTLS63 1) +1ET10
4(0F3=0)/Q1

Ble(((3ylya)e (yHOLDAL)I\HOLDA2)L1§ 3 IxJ)+INVENTORYL
155 (M-3) 9 (M-2)y (M—-1) »MIX1~J
E24(((3yly4)p (yHOLDS1I\HOLDS2)Y 153 Ix ) +INVENTORYL
155 (M=-3) 9 (M-2)» (M—-1) »MIX1-J
B2¢(((3ylyd)e (yHOLDALI\HOLDAZIL 245 IXJ)+INVENTORYL
255 (-3 y (M-2)y (M~1)»MIx1-)
BAc(((3ylyd)p (HHOLDIS1)I\HOLDS2) L2535 I1xJ)+INVENTORYL
255 (M- y (M-2) » (M-1)»MIX1~J
BEe(((3ylyd)e (yHOLDA1I\HOLDA2) L35 § IxJ)+INVENTORYL
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STORE TOTAL
PROMOTIONS IN
SUMMARY

}

ROTATE PERSONNEL
WHO REMAIN IN DUTY
TYPE

READ NORMAL
ROTATION PATTERN

/

'

ROTATE NORMAL
INVENTORY ARRAY

NO

ROTATE EARLY
INVENTORY

R

STORE TOTAL PROJECTED

INVENTORY IN SUMMARY

!

READ PAYGRADE
LIMITS

'

STORE PAY GRADE
LIMITS IN SUMMARY

!

STORE SUMMARY
IN FILE

y

READ ACCESSION
DATA

:

DETERMINE
PROJECTED
INVENTORY

:
Wk
:

CALL CHECK

'

AUGMENT CHECK
VECTOR

!

RETURN

DISPLAY ERROR




v STATUS

L1l OFXBC361'MOD!
£21 STATUSS
C31 OEX'STATUSS'

£21

£31
41
53
L&
£71
L8l
21
101
(N R
L1213
£133
1431
L1351
L1613
Li71
£i8l
19l
201
L2137
L2271

v

v STATUSS

Ko= K

OF2

o= ik

OF3

IR IR

'OFL = '50F1
‘OF4 = ' 50F4
‘OFS = ' 50FS
'OF6 = '$0F6
CUTM = 3TI4I4L

2((pBLLI+LI'FILE3Z')=0)/Q1
‘CoA = 'FBLI+II'FILES'

Q12 ((pBL24LT'FILEZ ' )=0)/Q2
"'COF = '3HLC24LI'FILE3’

Q23
S((pBL34+2xLT'FILE3 ' )=0)/Q3
'CiA = '3BL3+2xI1'FILE3!

QI (pBLA+2XTT'FILES )=0)/0
'CIF = '3HL442xIT'FILES'

v
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13
L2
31

c1d

23

L3

£41

£S31

Lol

L2l

IREN!

Led

L1cl
i1l
L1231
L1331
L1437
L1831
L1461
£171
[182
C193d
L2010
L2113
L2212
L2311
L2471
L2512
L2461
£a27l
£281

v TRANSFER
OF XEES2T ' Mon!
TRANSFERR
OEX' TRANSFERR'

¢ TRANSFERRIISJIDTIPCITMIRILTS PGLIMIFROBFROMIELIGY
CONTINUATIONSEROTINROTILROTyACCESSTIONS§
FROMOTIONS  INVENTORY s SUMMARY $ ADJFROBFROMIBRIB X
'TO WHICH COMPARTMENT (0 OR 1) IS DATA TO BE
TRANSFERED? !
Xe(~1)rlell
Oe DO YOU WANT TO TRANSFER AN ENTIRE DaATA FILE?
(3w Re4EITD /LOOF
S (3t R YES ' ) /ALL
LOOFIHEADER 1
S C(BR=2)VBR=1) /END
HEADER 3
S C(BR=2)VER=1)/END
RETIHEADER 5
S CCBR=2)VRBR=1)/END
A (0T=1 2 11)}/BEGIN
Y (0=+/TM>4) /ERR
BEGIN?:Je1
LOOFLITeL
LOOP2IREADFILE XC12»DT»PGLIYyTMOJD
WRITEFILE XC21¢DTyFGLIZyTMLJI
S (pPGI eI+ /7LO0OF2
3 (DT=1)/C0ONT1
(XE2Ay IHYFILEALT TMLJI
CONT139(DTelsbs758)/CONT2
(XE23+OFILEALT TMLJ]
CONT2i2((pTMY 2JeJd+1) /LO0OR]
fe'D0 YOU WANT TO TRANSFER ANOTHER DATA TYFE?Y f
S (3#pBe4Z L0 /END
2 (3=+/B="YES "' ) /LOOF
ENDZ20
ALLIOe DATA FILE TO RBE TRANSFERED:'
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L2937
£301
£L311
CL321
L3373

£341
L35

L3611

£371
L38l
L3971
£401
£411
C421

£431]
L44]
L4551l
L4l
L4771

v

H(ExpeRe2780)/76L0

I+1]

S(REST=' 1234 3 /L0O0OFI» LOOFA, LOOPSyLLOOF S
ALl

LOOP3: CHEIHXELIX84+4XII'FILEL YBLIHXE20x84+4xL10 "
FILEL!®
HAC(BHFAXT) = 1eT4+1) /L0O0F3
EYe]

LOOFAT CHETHXDLIX2XRXE4H LI FILEZ2  HDI4XE2Ix2xKx 411!
FILER!® h
H((2XRxI+1yelel410/7L00F4
- 0

LOOFSICREI4XELIXxE4+21' FILEZ ' JRLIHXE2IX L2 FILESR!
ACCEE2) 2163410 /7L0O0RYS
-3 0

LOOFG: (HEIT+XC1IX142xKxT+H1 1 FILEA YHLI4XE2dx14+2xKX
IHLIFILES?

ACCLH2XRXL+1) 21141 Z7L0Q0FS

- 0
ERR:'FOR THIS DATA TYPE EACH ENTRY MUST LIE IN
THE '
TINTERVAL 0 2 X £ '»2 Ovl-1
ARET
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v READFILE X3BICFIFJIIKGL

L1l Te(84+4xI)XXI1]

L2l LeXDid4de2x (L+1yxKxXO1l

31 BUXERT=1 2302y Se6e 79899 r10v11 5123 /L0 v L2xL3vL Ay
Loy L7+ L8y L9y L10vL1LsL12

C471 LItBILTSeREI+I FILEL DOEXE3IIsXEAd4151]

157 20 )

[6T L2POGLIMeHE24 T FILEL YIXDA414+1 X033

71 20

[87 LIIPROBEROMe (BD3HTIIFILEL )Ly i XE3I]

Lol 1)

C107 LAELIGH(BIALTI ' FILEL YL §XIE3D]

113 =0

127 LESICONTINUATION(Ls3)e0

L1371 Kel

C147 LEFICONTINUATIOND sRI€(HEAHRPT I FILEL YLXD4D+1 ¥ 3 X030
]

F151  KeK+1

LLal (K3 /LF

L1731 =0

187 L7IReBEI4+9+2xXU431'FILELS

[1931 CeMCI+104+2xXCA3IFILELS

ER207 NROTE( (S ) e CoEINCIL S $XE3TD

211 =0

L2207 LOIBeHD (-1 42 xXI3N+2x X041 xR ' FILER!

(237 CeRDJP2xXE3N42xXL41xKI FILES!

L2471 ACCESSIONSe (3vholM e (2 BIIND

L2531 20

£267 LIOIADJFROBFEOMe (HC14XEAM4 (X420 xXCL2'FILE3 )L v XL
311

L2731 20

L2877 L1L1IBCRD(LA2xXE3N42xX0ATXKI ' FILES!

£291 CeRLL41+2xXE304+2xXEAIXKT ' FILEA'

LZ301  INVENTORYe(3slydMde (vBINC

L3131 =0

L3221 L123SUMMARY ¢ (AEL+Y1 1 FILEA YIXLA4+1 3+ XL31]

£33 =0

L343 L8IReBLI+P4H2XI4X04 T FILEL?

L3571 CeHCIH1042%xT4XC413 FILEL!

(367 LROTEC(E Mok p CyEINCILSFXEZTD

L3731 =0

L3821 LOTERDT(ALSHIN ' FILEL YIXLA2+13$X031]

w
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v WRITEFILE X3BiCiIsJiKsL

| Te(8+axlyxXC1l

£21 LeXD1d+Je2x (L1 xkxX01d

31 SOXER =1 s 29 B398 5vbr79899v 1010120/, L2yL3vL 4y
LSy Lor L7 L8y L9y L10 L1 L12

L4 LitReHCI+II'FILELS

VN BLXEZD3XCAT4+13 JeBILTS

L& BHCIHII'FILEL!

L7131 20

[81 L2tReMI24+I1'FILEL'

S BLXLA41+1 s XE3T¢FGLINM

L1003 BEE24I1'FILEL!

Ciil =0

L4123 LIBeR3I+TI FILEL

L1331 BLSIXE3IT¢PROBFROM

L1431 ERBC34ID'FILEL!

L1510

L1670 LA4IBeMI44+TI'FILEL

L1723 EBLIIXLDIIICELIC

Li8l BRLC4A+II'FILEL!

L1910

L2010 LESIKed

L2173 LOOPIBeBHC4A+R+ID ' FILEL!

[221 BCXCA24H133XC3TT¢CONTINUATIONL K]

[221 ERAC4+R+IIFILEL!

L2471 KeK+1

L2531 -2«(Ks3)/L0O0F

L2631 =0

[R73 L7CeRnI+942xX0411 FILEL!

281 Be (b oMy E) P CyCINBETIH104H2XXE43D'FILEL

(2031 BLi3XCITICNROT

£301 (OxRYBLI4+9+2xXC411'FILELS

F3171  ((pO=E)/yEIBLIH1I0OH2XXE401 ' FILEL!

L3231 =0

331 L?:(OxﬁCCESSIONS)BE((Jw1)+2XXE3J)+2XXE4JXKJ‘FILEQ'

L3471 ((yOxﬁCCESSIONS)/vﬁCCESSIUNS)HE(J+QXXE3J)+2XXE43X
BI'FILEZS

L3531 =0

(361 L1OSBeHE1+XE42+(L+2)X0F1'FILES!

£371 EL33X[I311¢ADJPROBFROM

[381 EBALI+HXCAI4H(I+2)X0F11'FILES

L3921 20

CA407 L11:CO2INVENTORY)YBE (L+2xXL31)+2xXL4IxKI'FILE4

C417 ((yOxINVENTORY)/y INVENTORY)BL (L+14+2xXL31)+2xXL43X
BE1'FILE4!'
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L4231 =20
L4310 L1218eBIL+1D 'FILEA!
L4410 BEXEAD4157 5 XE3TI¢5UMMARY
£4%3  BHUL4A1II'FILEA4’
461 =0
F470 L8ICCHIT+2+2xT4+ X047 FILEL!
L4810 Be(3yMyb) e (2CONALIHIOH2XI4XT40D ' FILEL!
[4¢) RBLFFXLIIDLROT
LS00 (O=RIBCIH942xT4+XT401 ' FILEL!
L5173 (CrOxBY/»yBYALIHI0O+2XL+XT40] ' FILEL!
L3521 =0
E531 LOIReBISHTII FILEL!
L5410 BEXCA413 3 XO3DT¢EROT
L8531 ROLSHII'FILELS
c.'
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L1d
.21

31

£13
L21
£31
41
£353
L&
£71
£l
£21

£101

[ A
L1121
L1312
L1471

L1511
L1613
£171
£i81l
L1971
£201

£213
£221
£231

L2431
L2511
L2611
£271

v

v

N ALTER X
OFXAC3731'MoOn!
N ALTERR X
NEX'ALTERR'

v N ALTERR X3AIA1A23B#B1B2FEROTFHF I# INVENTORY 3 JS

L.ROT
ATTRITION X
S(N=1v2y394y5e6) /L1y L2yL3L4yL3v LG

L1 {HOLDe« INVENTORY

QO

L2 tHOLDEC(3yy) O

READFILE XC13.8,XL21yX0E31

Ae+/INVENTORYES 51923941

INVENTORY 0
Re(((LrbyM)pLROTELF D) » L1 (1 lar M) e LROTL273) v L13C 1y
LeM)eLROTC371

HOLDERX (3rlay M) p ( (N (My LI PALLF D)y CLIR(My LI pALD: 1) v [
Limd(MsL)eAL3r ]

20

LIIREADFILE XE11.8yXL219XL31

Ael-+/LROT

INVENTORYL #3129y 3y 4T¢INVENTORYES 312, 3+43X(((lrlay
GeALLD) L1311 ykrddeAL21) 01301 rr4)eALS]

HOLDe INVENTORY

INVENTORY«Q

20

LAIREADFILE XC1J196yX[21,X031

A¢l 0 1 0 1 O/EROT
Be(((1ybetd-40,pACLD) » D101 rlapti~-4) p AL2) » DL I (L o Ly B~
4)eAL33

He+/ (BXINVENTORYL: 3 44 1M-41) -4

B+ INVENTORY«O

HOLD¢(3rLr4)p ((M(A4rL)PHL132) pLL1INCAY LY PHER3 1) 501
N(4,L)PHL3S]
20

LSSREADFILE XC1J»6yXL21yXL3]

A+0 1 0 1 O 1/EROT

Be(C(lrLyt~4)eALLI1) »yC13CL vy M40 PAL2I) » L1 TC L by
4)pAL3]
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L2831  He+/(BXINVENTORYL: s 4+ 1\ M-41)+4

L2931 RB¢INVENTORY«0

L30]  HOLDE(Zrlrd4)e ((%C4rL)pHLL3 1) » LLINCAYL) pHE25 ) L1 ]
N(4rL)epHL3: ]

£L311 =0

L3271 LOIREADFILE XC11r6yXL27,XE30

L3331 Alel ¢ 1 0 1 O/EROT

L3431 A2¢0 1 0 1 O L/EROT

L35 Be((lylyM-)pALLII+A201 ) » L13C¢ 1 sl v M-4) pALL214A2T
2Dy L1101 rlsM~4) e ALL31+ARL3]

L3631 J&i
£373 LOOFIINVENTORYLJ? 54+ 1 M~41¢INVENTORYEJS 5 44\ ~41x1~
BLJs#1
£381 Jed+d
L3231 = CJz3)/7L0O0OP
£401 ER+0O
L4131 HOLDe«INVENTORY
v
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START

DETERMINE INVENTORY

AFTER ATTRITION

HOLD is
SURVIVING
INVENTORY

READ EARLY
ROTATION
DATA

YES

READ LATE
ROTATION

DETERMINE
TOTALS IN PRDS
1 THROUGH 4

NO

YES

HOLD IS THE
ARRAY OF NORMAL
ROTATORS

+

MULTIPLY TOTALS
BY LATE ROTATION
VECTORS TO FORM
ARRAY OF LATE
ROTATORS CALLED HOLD|

[

HOLD IS EARLY
ROTATING ARRAY
CORRESPONDING TO
ROTATION TYPES:

SEA = SHORE
SHORE < SEA
NEUTRAL > SEA

YES

NO

HOLD -
SURVIVING INVENTORY
LD

<

HOLD IS EARLY
ROTATING ARRAY
CORRESPONDING TO
ROTATION TYPES:

SEA > NEUTRAL
SHORE > NEUTRAL
NEUTRAL = SHORE
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VATTRITION X3T3CONTINUATION

1 READFTLE XC13y5, X020+ XE3]

1 READFTLE XELDe L1y XE2D e XEZA40FA1 1)
1 ey

I LPSINVENTORYLT S

CONTINUATIONE
[ Tel4

L& S T3 ALP

FPACINVENTORYL LS 5 Ixmdidsl) e
T3

v X CHECK Z3COAC1AFCOP3CLF
L13 OFXBLC304ZC11]'MOD"
(N X CHECKK z[21
£31 OEX ' CHECKK'

v X CHECKK T31I
L13 S (X=1)/SEC
L2231 HT20)vT L) ZERRL
£31 COA«HLLHLI'FILER!
41 COFeRL24+I1'FILE3!
£53 H((pCOPY=TH+1)/ERR2
L&l ((pCOMI=0)/DEF1
L71 Ie1
CB81 LOOP:-»((T:I)ACOALII20)/ERR3
£21 I¢I+1
L1013 = (I<(T+1)LeCOA)/LOOF
L1171 DEFLICH«1
L1231 90
L1317 ERRLI'T MUST BE IN THE INTERVAL 0:T<'3I
143 SDEF2
£133 ERR2!'INVENTORY HAS NOT BEEN COMFUTED FOR FERIOD °
T
L1631 -DEF2
L1713 ERR3:'DATA AFFECTING THIS COMPFUTATION HAS BEEN
ALTEREDS *
L181 'A VALID COMPUTATION REQUIRES 0zTz'3I-i
L1913 DEF2:CH«0
£201 =0
L2103 SECI ((T+1)pO)HCL+II'FILEZ"
v
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L1l
£21
£33
£41
LS
&1
£71
L8l
G
£101
111
L1231
[131
£143
K151

Cié6l
£171

£iel
L1911
£201
-211

v X CHECKK T#I
4 (X=1)/SEC
2 ((T=0)vTeL) /ERR]
ClA«HL3I+2xLI'FILE3'
CiFeHLA+2xTI'FILES®
2((pCIFY<T+1) /ERRZ
2 ((pCLAI=0)/DEF1
Iel
LOOP3-2((TzI)AC1ALII=0) /ERR3
TTeIdT T
(14 (T+1idLeCLlA) /LOOF
DEF1:CHe1
20
ERRL:'T MUST BRE IN THE INTERVAL 0:=7<'31
SDEF2
ERR2! "INVENTORY HAS NOT REEN COMFUTED FOR FERIOD
v T
SDEF2
ERR3S 'IATA AFFECTING THIS COMFUTATION HAS BEEN
ALTERED '
‘A VALID COMFUTATION REQUIRES 0:T:z'3I-1
DEF2ICHeO
40
SECI((T+1)pe0)BE3+2XTT'FILE3!
v

v X CHECKK T3I

L1l
£21
£31
£a1
£S31
L&l
L7131
rael
£?3
£101
Ci11d
£i2]
£13]
C14]
£151
L1é1]

L1731
fi8l

+{X=1)/8EC

S ((T=1)vT+»I)/ERRL

Coa«BLI+L1'FILES'

COF«HL2+L1'FILES'

(e COAY=T)/ERRZ

4{{pCOF)I=0)/DEF1

Iel
LOOF$a((T>I)ACOFLII#0)/ERR3

I¢I+1

2(I=TLeCOF)/LOOF

+(COALTI=1)/ERR4
DEFL$CH+1

0
ERR1:'T MUST BE IN THE INTERVAL 0<Ti'?l
SDEF2
ERK2: 'ADJUSTED FROBARBRILITIES HAVE NOT BEEN
COMPUTED FOR PERIOD '3T-1

SDEF2
ERRZ: ‘DATA AFFECTING THIS COMFUTATION HAS EEEN
ALTERED? '
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R
£201

‘A VALID COMPUTATION REQUIRES 0:T:'$lI
SDEF2

L2171 ERR4!'ADJUSTED FROBABILITIES ARE NOT VALID FOR

FERIOD '$T-1

£221 DEF2ICH0

£2331 =0
L2473 SECI((T+1)pO)BL2+T1'FILESR'
7
v X CHECKK T#I
Cid 4 (X=1)/5EC
£21 S((T=1)¥T=L)/ERRL
L31 CLACHL3+2xTT FILES!'
41 ClFeRCA+2xL1'FILE3!'
£S5 S((p0LA)2T)Y/ERR2
£& H((pCLIFI=0)/DEFL
/] I¢1
£81 LOOFI-((T=I)ACIFLITI#0)/ERRS
£91 I¢I+1
L1031 = (I«TLeC1F)/LOOF
L1111 = (C1ALTI=1)/ERR4
L1213 DEFLICHe]
L1331 =0
£1431 ERRL$'T MUST BE IN THE INTERVAL 0<Tsz'3d
L1531 -DEF2
[161 ERR2Y'ADJUSTED FROBARILITIES HAVE NOT RBEEN
COMPUTED FOR FERIOD '#T-1
L1731 ADEF2
181 ERR3:'DATA AFFECTING THIS COMFUTATION HAS BEEN
ALTERED '
C191  '& VALID COMPUTATION REQUIRES 0:z2Tz's1
[201 ~DEF2
[2171 ERR4! 'ADJUSTED FRORABILITIES NOT VaLID FOR FERIOD
'iT-1
2221 DEF2ICHeQ
23177807

[241 SECI((T+1)e0)HLA+2XT] 'FILE3'

A4
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v FFF$I7ESELIGINORMFROMS PROBSPROBPROM W
£1l READFILE OF1v3¢KeT
£21 READFILE OFly4yK»T
£31 FROB&FROBFROMLELIG
£41 NORMFROM&E«O

£51 Ie1

£61 LFINORMPROMENORMFROMAY+/FROBLIF IX4+/702TINVENTORYL L §
1

71 E¢E++/ELIGET s Ix+/020INVENTORYETIS 51

L8l T¢I+l

L2l +(I23)/7LF
L1013 -+ (NORMFROM>AVAILSLOTS) /LL
Ci1d 2 (E=NORMFROM)/L.LL
C121 WelL (AVAILSLOTS-NORMFROM) +E~-NORMFROM
L1337 ADJFROBFROM& ((1-W) XFROR) +WXELIG
L1410
£153 LLIADJPROEBFROMe (AVAILSLOTS+NORMFROM) xPROR
L1610
C173 LLLIADJFROBFROMEFROR
v

v X FILEALT T
il OFXBL35] ' MOD!
L2131 X FILEALTT T
£31 OEX'FILEALTT'
v
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v X FILEALTT T3sCOASCOFICIAZCIF
[ 3 (2=4+/X=0 0)/L1
21 (2= /X=0 1)/L2
£31] A (2=4/X=1 0)/L3
£41 2 (2=4/X=1 1)/L4
£531 L1:COA¢HLI+I1'FILES'
[61 2 {(TzpC0OBY/0
.71 COALT+L1¢1
£81 COABLCLI+LI'FILEZ'
21 30
£103 L2:COP«HI24 LT ' FILES'
Li1d (TzeCOFP}/O0
L1231 COPLT+13el
{1331 COFPBL2+I1'FILE3'
£143 =0
£15) L3ICLIACHL34+2xL1 FILES!'
L1631 2+ (TzeClAY/0
L1731 C1ACT+13e1
C181 ClABC3I+2xI1'FILES!
L1931 =0
[207 LAICLIPeHLA+2XI1'FILES!
L2171 = (TzellP)/0
2231 CIPLT+13e1
231 CLPHE4+2xI3'FILES!
v

v Z GROUFP X
£id OFXBLC71] ' MOD!
£21 Z GROUFF X
£31 OEX ' GROUFPF'

v
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v Z GROUFF X3A3ADJPROBPROMIBSCHHOLI; HOLDA41 5 HOLD423

HOLDS1 5 HOLDS2 I $ PROMSUM

£11 €0

[21  I€OFSC(2xXC31)-11
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APPENDIX C
PARAMETERS
Fixed parameters. These parameters define the size of the data

structures in the file system. For a detailing community, they
remain fixed throughout the analysis.

=

This is the maximum number of years to which the initial
inventory will be projected.

M

This is the maximum tour length in quarters.
L

This is the number of length of service categories.
k

This is the number of paygrades.

Variable parameters. These parameters can be modified by the user
at any time; they control the operation of specific ROTATIONMOD
functions.

opi=inEe 1y

Al1l ROTATIONMOD functions will access the (Opl)-compartment
of the data files.

Op2(=0 or 1)

Late rotation data is included in projecting the inventory if
and only if Op2 = 1.

Op3(=0 or 1)

Early rotation data is included in projecting the inventory
if and only if Op3 = 1. G

Op4

This 2-component vector is used to project beyond the normal
limit of T periods. If Op4[l] = 0, there is no effect. However,
when Op4(1] = 1 and Op4[2] = T, then input data located in the

C-1



period T-1 space will be used to project the inventory stored at
period T. The result is stored in the period T space, destroying
all previous contents. Op4 must satisfy:

e Op4[l] = 0 or 1
e 0 < Op4[2] < T

Op5

This vector aggregates paygrades. The m-th paygrade group
defined by Op5 is the aggregate of all paygrades k, where
Oop5[2m-1] < k < Op5([2m] . Op5 must satisfy:

e Op5 has an even number of components

e All components are between 1 and K inclusive
e The number of components is between 2 and 2K
inclusive -

Opé6

This vector aggregates length of service (LOS) categories.
The m-th LOS group defined by Op6 is the aggregate of all LOS
categories [, where Opé6[2m-1] < f < Op6[2m]. Opé6 must satisfy:

e Op6 has an even number of components

® All components are between 1 and L inclusive
e The number of components is between 2 and 2L
inclusive -

Check parameters. These parameters are automatically determined by
the operation of ROTATIONMOD functions. Their purpose is to check
the consistency of input/output data.

coA

The number of components in this binary vector is the number
of periods for which adjusted promotion probabilities have been
computed in the O-compartment. A 1 appears in the i-th component
if, subsequent to the computation; data affecting period i-1 has
been altered.

cop

The number of components in this binary vector is the number
of periods to which the initial inventory has been projected in the
O-compartment. A 1 appears in the i-th component if, subsequent to
the projection, data affecting period i has been altered.



Cla

The number of components in this binary vector is the number
of periods for which adjusted promotion probabilities have been
computed in .the l-compartment. A 1 appears in the i-th component
if, subsequent to the computation, data affecting period i-1 has
been altered.

Clp

The number of components in this binary vector is the number
of periods to which the initial inventory has been projected in the
l-compartment. A 1 appears in the i-th component if, subsequent to
the projection, data affecting period i has been altered.
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